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Agilent 33220A 20 MHz function/arbitrary waveform generator 

• Low- distortion basic waveforms 

• Variable edge-time pulses up to 5 MHz 

• Arbitrary waveforms up to 64K points 

• AM, FM, PM, FSK, and PWM modulation 

• Sweep and burst operation modes 

• Open connectivity via USB, LAN, and GPIB 



Agilent Am 

Open ^ 



Agilent Direct 



Get the application note, 

8 Hints for Getting More from Your Function Generator 
www.agilent.com/find/8-hints 

Or call a Live Sales Engineer now if you are ready for a new 
High Performance Function Generator 
U.S. 1-800-829-4444 Ext. 5463 
Canada 1-877-894-4414 Ext. 5463 



The Agilent 33220A function generator packs outstanding 
performance into a very compact design. 

Able to fit into your rack or on your bench, the 33220A is 
loaded with multiple signal powers — ^from stable, accurate 
output of low-distortion sine waves to variable edge-time 
pulses and custom arbitrary waveforms. 

Front panel operation provides the ease of use you'd design 
yourself — because Agilent created the 33220A in consul- 
tation with customers like you. You'll find access to all 
major functions and adjustments at your fingertips. Agilent 
Open capabilities mean system readiness, compatibility 
with popular software environments, plus built-in USB, 
LAN, and GPIB ports. 



The Agilent 33220A is powerful and affordable enough for 
uses from R&D to manufacturing. Its software compatibility 
with the widely used 331 20A and 33250A function genera- 
tors ensures easy integration into new or existing systems. 
To enhance your function generator power now, get tips at 
www.agilent.com/find/8-hints. 



© Agilent Technologies, Inc. 2005 
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WHEN SIZE MAHERS . 
0.5A DIODE IN- 1mm' 



FlipKV^, the Ultimate Schottky Diode for Space Savings in Portable Applications 



7.4mm^ 



7.2mm' 



6.9mm' 



E 4 



M 3 



PowerDI™123 



Freewheel 



Powermite® 




SOD-123 
Package Type 

Current steering 

1-4S| 



Load 



, — - 




I Load I 



Boost 



Reverse battery protection 



.s» 

n ■ mmrML 

I UBH^ i mm 



Part Number 1 


'f(av) 


Vrrm 


Vp maxi 

@125°ci 


Ipmax 

@25°C 


Tj Range 


IR0530CSPTR 


0.5A 


30V 


0.33V 


50|jA 


-55 to 150°C 


IR05H40CSPTR 


0.5A 


40V 


0.42V 


10|jA 


-55 to 150°C 


IR130CSPTR 


1.0A 


30V 


0.33V 


IOOmA 


-55 to 150°C 


IR140CSPTR 


1.0A 


40V 


0.38V 


80|jA 


-55 to 150°C 


IR1H40CSPTR 


1.0A 


40V 


0.42V 


10|jA 


-55 to 150°C 



UP to 80% 
SMALLER 




4-BumpCSP 



3-Bump CSP 



FEATURES 

• Up to 80% space savings compared 
to standard packages 

• 1.1mm' footprint for 0.5AFIipKY 

• 2.3mm' footprint fori. OA FlipKY 

• Super-low profile at <0. 7mm 

• Ultra low Vp and Ir per footprint area 

• Electrically tested and delivered on Tape and Reel 

• Implemented with standard SMT techniques 

Flipky Schottky Diodes are smaller and more 
efficient than typical industry standard Schottky 
diodes. Offered in space-saving, chip-scale 
packages, these devices are ideal for handheld 
and portable equipment. 



FlipKY is a trademark of International Rectifier. Other trademarks are the property of others. 

for more information call 1.800.981.8699 or visit us at 

www.irf.com/dcdc 



nternafiona 
iQR Rectifier 

THE POWER MANAGEMENT LEADER 



Support Across 



The Board 



Starting with in-depth design support all the 
way through to total supply chain management - 
Avnet Electronics Marketing is there for you. 
From concept to reality, we deliver: 



Consultative engineering 
support and services 



[1^ 




Focused product specialization 



The broadest supplier partnerships 



in the industry 



Over $1 billion in top moving 
inventory "on the shelf" 

World-class supply chain services 

But, partnering with Avnet Electronics 
Marketing means much more than just 
having access to the industry's broadest 
array of design and supply chain services. 
It means working with a company that is truly 
focused on exceeding your needs and 
expectations - a company that is dedicated 
to giving you Support Across The Board.™ 

Ready. 
Set. 

Go to market.™ 




tMNET 

electronics marketing 



Enabling success from the center of technology^' 



Avnet Green Initiative 



1 800 332 8638 
www.em .avnet.com 

5) Avnet, Inc. 2006. All rights reserved. AVNET is a registered trademark of Avnet, Inc. 



The best combination of noise, size, and 




/Polar''': A milestone in high voltage bipolar processing 

Today's high voltage industrial designs are demanding more IC performance than ever. That's why Analog Devices has developed 
/Polar manufacturing process technology— the most significant re-engineering of high voltage bipolar technology in almost 20 years. 

By utilizing a proprietary trench isolation technique to enhance NPN/PNP transistor density and functionality, /Polar enables 
dramatically improved performance of linear products with lower noise, smaller packaging, and reduced power consumption. 
The result? Our new family of 20 V to 36 V bipolar analog products that help increase performance, lower costs, and reduce design 
time for industrial applications. 

And when it comes to supporting the higher voltage needs of industrial customers, that's quite a winning combination. 



POLAR 




analog is everywhere: 



power. In 36 V linear ICs, analog is everywhere. 



Lowest noise in the smallest footprint 

Our breakthrough manufacturing process yields analog ICs with superior noise and footprint characteristics. For example, the ADA4004-4 
precision quad amplifier achieves 1 .8 nV/VHz voltage noise density— the industry's lowest wideband noise in this product category— while 
its 4 mm X 4 mm, 16-lead LFCSP occupies 70% less PCB area than the competition. 



Superior speed and reduced power 

/Polar technology enables a new generation of components that offer enhanced speed with markedly reduced power consumption. For 
example, at 10 MHz on 2.5 mA supply current, the AD8675 offers 20% higher bandwidth while consuming 50% less power compared to 
other high voltage ICs. Likewise, our ultralow offset voltage AD8677 operational amplifier reduces power consumption up to 40% without 
loss of bandwidth. 



Solutions for all your high voltage needs 

Our families of high voltage analog ICs are growing. Coming soon will be more /Polar devices— such as drivers, voltage references, and 
additional amplifiers, including new audio ICs. We're also expanding our line of amplifiers, converters, and mixed-signal ICs manufactured on 
our recently introduced /CMOS™ technology. Together these new processes offer state-of-the-art high voltage analog IC performance and 
value, and represent our ongoing commitment to industrial and instrumentation engineers. For more information, please visit our website. 



AD8675 

Low noise, rail-to-rail precision amplifier 

• Low voltage noise: 2.8 nV/AfHz 

• Rail-to-rail output swing 

• Input bias current: 2 nA max 

• Offset voltage: 75 fxV max 

• Offset drift: 0.6 fxV/°C max 

• Very high gain: 120 dB 

• 3 mm X 4.9 mm, 8-lead MSOP 

• Pricing: $1. 1 7/1 k quantities 



AD8677 

Ultralow offset voltage op amp 

• Low offset voltage: 75 fxV max 

• Input offset drift: 1 .2 fxV/°C max 

• Supply current: 1.2 mA 

• High CMMR: 130 dB 

• Dual-supply operation: 
±5Vto ±15V 

• 2.9 mm X 3 mm, 5-lead TSOT-23 

• Pricing: $0.75/1 k, quantities 



ADA4004-4 

Low noise, precision quad amplifier 

• Low voltage noise: 1 .8 nV/AfHz 

• Wide bandwidth: 12 MHz 

• Low offset voltage: 100 fxV max 

• Supply current: 1 .7 mA/amp 

• Dual-supply operation: ±5 V to ±15 V 

• Extended industrial temperature range 
-40°C to+125°C 

• 4 mm X 4 mm, 16-lead LFCSP 

• Pricing: $3.02/1 k quantities 
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DEVICES 




"At Symtx, we design, manufacture, and install hundreds of 
advanced functional test systems worldwide every year. ^ 
By using Nl TestStand, we are able to meet vastly different 
customer requirements and still reduce our software 
development time by more than 30 percent." 

Atanu Bhattacharya 
Test Software Manager 
Symtx 





Nl TestStand - The Industry Standard 
in Test Management Software 

Nl TestStand is a ready-to-run test management environment from National Instruments for automating your test and 
validation systems. With Nl TestStand you can: 



• Develop, manage, and automate your test sequences 

• Simplify your maintenance through a modular, 
fully customizable test-system framework 

• Leverage toolkits and add-ons from Nl TestStand 
product and solution partners 



• Execute test modules written in any programming language 

• Specify sequence flow, reporting, database logging, 
and connectivity to enterprise systems 

• Maximize test throughput with built-in parallel and batch 
execution and synchronization 




To learn how Symtx and other electronic manufacturers are 
accelerating development and reducing costs, visitni.com/teststand. 



(800) 891-8841 



© 2005 National Instruments Corporation. All rights reserved. National Instruments, Nl, ni.com, and Nl TestStand are trademarks 
of National Instruments. Other product and company names are trademarks or trade names of their respective companies. 
2005-5764-803-101 
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Processing options 

A Choose the right 
/\ ) mix of processing 
I technologies for 
embedded-system designs. 

by Robert Cravotta, 
Technical Editor 



Accurately judging 
endurance for solid- 
state storage 

Determining the 
/ appropriate solid-state- 
V-y I storage approach for 
OEM applications can be difficult, 
especially when suppliers often 
rely on varying methods to 
measure the performance of their 
products. It is no wonder the 
selection process is daunting. 

by Gary Drossei, 
SiliconSystems Inc 




Ml MO delivers 
range, beam forming 
delivers video 

Next-generation 
-< r\ wireless-LAN 
\^ technologies extend 
802.1 1 g to deliver DVD-quality 
video. 

by Maury Wrigtit, Editor in Ctiief 




Variations on a theme: 
Handheld game 
systems proliferate 

Entertainment consoles 
r\ ^ are going mobile in a 

big way, following in the 
footsteps of their computer fore- 
runners. At this early stage in the 
game, there's no shortage of 
opinions on what defines the 
perfect system, leading to a 
diversity of product alternatives. 

by Brian Dipert, 
Senior Technicai Editor 



Clear calls 
from the road 



71 



Voice-interface 
technology improves 
the safety and clarity of 
hands-free communication in 
automobiles. 

by Samuel Yu, Fortemedia 



DESIG 



IDEAS 



PAC BLOCK 1 




Programmable analog circuits yield single-chip sinusoidal oscillators 
Enhanced, three-phase VCO features ground-referenced outputs 
Improved current monitor delivers proportional-voltage output 
Send your Design Ideas to EDNdesignideas@reedbusiness.com. 
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NEC ELECTRONICS AMERICA 







Flash Memory 



Like ordering a double, 
extra-hot, sugar-free, 
vanilla, no foam, soy latte. 

Only with microcontrollers. 



n 



RAM 



Single-voltage 
flash 



POC/1.59V 



Voltage 



Self-programming 
flash 



RAM 



Window WDT 



CPU clocic 



LVI/16 
selectable 



Ring oscillator POC/l.l 




Giving you exactly what you want is important to us. That's why we offer one of the broadest 
selections of single-voltage flash microcontrollers available. 

^ ^\V\\\\\W^^^^^^^^^ Get up to 128 KB of flash memory and 7 KB of RAM, with packages ranging from 16- to 100-pins. 
Our 8-bit devices include on-chip features lil<e low-voltage indicator, power-on clear and enhanced 
watchdogtimerto simplify your process. Plus, code compatibility across our microcontroller families maizes 
reacting to changes simple. Our devices are as versatile as a modern cup of coffee, and much less expensive. 

Get a taste of NEC Electronics microcontrollers. Learn more at www.am.necel.com/mcu-options and 
order a demo Icit for just $19.99. 



Empowered by Innovation 



ectronics America, Inc. 
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ADVERTORIAL 



A New Approach to Streamlining the 
Application of Advanced Technologies 



cadence 



Today's increasing silicon complexity drives 
engineers to continually leverage the latest 
advances in electronic design. However, 
no company can afford to have its design 
teams consuming time and effort adopting 
individual technologies. Instead, organizations 
need to focus precious engineering resources 
where they add the most value — 
differentiating the company's designs. 
Additionally, in today's fast-paced markets, 
missed schedules can mean lost market 
opportunities. Cadence recognizes that to 
start designing right away, designers need 
a proven infrastructure — proven on the 
types of designs they'll be doing and 
incorporating the kind of IP they'll be 



incorporating — with typical application 
hurdles already flattened. This is the 
essence of the Cadence Kits approach. 

A Cadence Kit is a documented 
methodology built on a set of platform 
flows applied to a reference design, 
which is enabled by standards-based IP 
and packaged with applicability training. 
Each kit starts with a reference design — 
a real design representing a specific 
vertical market. 

The reference design incorporates IP that is 
integrated and validated with the platform 
flows. One of the biggest challenges has 
been the difficulty of using IP in the design 




process. By building on platform flows 
and a reference design. Cadence Kits 
greatly simplify the integration, reuse 
and enablement of IP 

DELIVERING ON THE KITS APPROACH 

The first Cadence Kit focuses on 
analog/mixed-signal (AMS) because of 
its pervasiveness across markets, including 
wireless, wired networking, and personal 
entertainment electronics. The AMS 
Methodology Kit minimizes risk by 
targeting key challenges identified 
by customers in these markets: 

• Fragmented design processes that 
prevent teams from effectively verifying 
designs across the analog and digital 
design domains 

• Large quantities of data and long 
simulations, which hamper modeling, 
extraction and re-simulation of parasitics 

• The challenge of managing multiple power 
supplies through all stages of design as well 
as reusing and migrating AMS blocks — both 
of which demand a predictable methodology 

The Cadence AMS Methodology Kit 
addresses these design challenges by 
delivering a verified methodology, 
enabling IP, and applicability training — 
all demonstrated on an end-to-end 
mixed-signal design. 

The AMS Methodology Kit executes a 
"meet in the middle" design approach 
that achieves an optimum balance between 
the needs for speed and for silicon accuracy. 
It also establishes a design process that 
allows teams to work with the analog/ 
mixed-signal content in the context of the 
complete design — from concept to silicon. 

The kit gives designers control of parasitic 
effects from first-cut route and top-level 
parasitic extraction evolving to block-level 
and targeted post-layout re-simulation. 
It addresses reuse and migration of analog/ 
mixed-signal blocks through a repeatable 
block creation method. In addition, the 
AMS Methodology Kit helps teams tackle 
low-power designs by managing multiple 
power supplies through a top-down 
methodology for defining voltage supplies. 

For more information on how 
Cadence Kits enable you to simplify 
the application of EDA technology 
for greater design productivity, 
visit www.cadence.com/kit_info. 



When an electronics company 
needs to integrate 
three devices into one, 
and make it all fit in your hand, 

we hear the call. 



Consumers expect devices to do more yet run longer on battery power. Entire systems need to fit in your pocket. 
And products with tens of millions of transistors can't run too hot to handle. How do our customers overcome 
the odds and create the advanced ICs, packages, and board-level systems that hide inside these small wonders? 
They do it by using electronic design software, methodologies, and services from Cadence to achieve 
breakthrough results at almost every turn. For more information, visit www.cadence.com/hearthecall. 

© 2005 Cadence Design Systems, Inc. All rights reserved. Cadence and the Cadence logo are registered trademarks of Cadence Design Systems, Inc. 
The Treo 650 was used with permission of PalmOne, Inc. 



© 2005 Cadence Design Systems, Inc. All rights reserved. Cadence and the Cadence logo are registered trademarks of Cadence Design Systems, Inc. All others are property of their respective holders. 
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Circuit mal<es simple liigli-voltage 
inverter 

www.edn.com/article/CA41 9572 




2005 iVIicroprocessor Directory: 
Charting your course 

www.edn.com/microdirectory 

The Hot 1 00 products of 2004 

www.edn.com/article/CA486570 

Circuit provides bidirectional, 
variable-speed motor control 

www.edn.com/article/CA21 61 68 

Using the HID class eases the job 
of writing USB device drivers 

www.edn.com/article/CA2432 1 8 

Build a transformerless 12V-to-180V 
dc/dc converter 
jlip www.edn.com/article/CA431146 

Circuit generates fan-speed control 

www.edn.com/article/CA200387 

HDCP: what it is and how to use it 

www.edn.com/article/CA20909 1 

Black boxes capture car-crash data, 
controversy 

www.edn.com/article/CA529380 

Filters in a nutshell: Spreadsheet 
promotes intuitive feel 

www.edn.com/article/CA60551 



Check out these online-exclusive articles: 

Magma takes spotlight in Synopsys survey 

Synopsys, Cadence, and Mentor may be 
giving up customers to Magma in the next 
physical-design-tool buying cycle, but 
users are generally pleased with Synopsys 
in comparison with its archrival Cadence, 
according to the latest survey published 
by EDA-industry gadfly John Cooley 
www.edn.com/article/CA6293801 

SiGe power amp targets PHS 
handsets to WiR 

Toshiba based its new TA4401CT power 
amplifier on three cascaded RF stages 
that target linearity efficiency and low 
power in wireless applications in bands 
ranging from 1 .9 to 2.5 GHz. 
www.edn.com/article/CA6293328 




AUDIOCAST: EDM's HOT 100 
PRODUCTS OF 2005 

In case you missed it, EDN published its 
annual list of the 1 00 most significant 
products of the past year in the 
December 1 6, 2005, issue. Check out 
the URL below to review the products 
that made the cut. While you're there, 
click on the "audiocast" link to hear 
Editor in Chief Maury Wright comment 
on some of the key products and the 
trends they represent. 
www.edn.com/article/CA6290449 
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www.edn.com/article/CA476908 
Part 2: Automate your acceleration 

www.edn.com/article/CA484490 
Operating alone 

www.edn.com/article/CA6288032 



VARIATIONS ON A THEME (pg 53): 
||| Got game? Living-room consoles 
grapple for eyes, wallets 

www.edn.com/article/CA629045 1 
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Gaming as serious business 
^ www.edn.com/article/CA1 931 86 
Prying Eyes: In the game? 

www.edn.com/article/CA605509 

ACCURATELY JUDGING 
ENDURANCE FOR SOLID-STATE 
STORAGE (pg 67): 
Pick a card: card formats 

www.edn.com/article/CA431 145 
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(pg71): 

$30 module embeds speech 
recognition 

. www.edn.com/article/CA630249 
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We Put the Power of 

Windows Embedded in our Robots 



Each day, device developers like Robert Bonin are harnessing the 
power of Microsoft® Windows Ennbedded to build great devices, like 
the latest industrial robots from Chaveriat Robotique. 

Microsoft® Windows CE provides hard real-tinne capability to their 
robots and powers a user-friendly handheld device which enables 
factory floor personnel to nnake progrann changes on the fly. With 
these and other innovations based on Windows CE, Chaveriat Robot- 
ique has reasserted itself as a serious force in the world of robotic 
arnns, with robots that are nnore functional and less expensive. 

What's nnore, Windows Ennbedded offers the timesaving tools, 
operating systenn technologies and thousands of drivers device 
developers need — so that they have the power to truly innovate. 

We chose Windows CE because it offers 
real 'time and graptiics at the right price.99 

— ROBERT BONIN / Research & Development Manager 

Chaveriat Robotique / France 

The Power to Build Great Devices — get it with Windows CE, 
Windows XP Embedded, or Windows Embedded for Point of Service. 



""bats . 



Windows Embedded 



Micrel's MIC2207 3A Solution Buck Regulator 
Over 33% Smaller At 0.394 inch^ 




M iCrcTS MIC2207 is a high efficiency PWM buck 
(step-down) regulator that provides up to 3A of output 
current. The MIC2207 operates at 2MHz and has propri- 
etary internal compensation that allows a closed loop 
bandwidth of over 200KHz. 

The low on-resistance internal p-channel MOSFET of the 
l\/IIC2207 allows efficiencies of more than 94%, reduces 
external components count and eliminates the need for 
an expensive current sense resistor. The MIC2207 operates 
from 2.7V to 5.5V input and the output can be adjusted 
down to IV. The device can operate with a maximum duty 
cycle of 100% for use in low-dropout conditions. 

For more information, contact your local Micrel sales 
representative or visit us at: www.micrel.com/ad/mic2207. 
Literature: 1 (408) 435-2452 
Information: 1 (408) 944-0800 



The Good Stuff: 

♦ 2.7 to 5.5V supply voltage 

♦ 2MHz PWM mode 

♦ Output current to 3A 

♦ >94% efficiency 

♦ 100% maximum duty cycle 

♦ Adjustable output voltage option down to IV 

♦ Ultra-fast transient response 

♦ Ultra-small external components stable with a 
1 |aH inductor and a 4.7|aF output capacitor 

♦ Fully integrated 3A MOSFET switch 

♦ Micropower shutdown 



InnovaHon Through TEchnology^'^ 



© 2005 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc. 
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Compare 

for yourself 

Agilent vs. Tektronix scopes 



Agilent 


Tektronix 


6000 Series 


TDS3000B Series 


Bandwidth 




100 MHz to 1 GHz 


100 MHz to 600 MHz 


Channels 




2, 4, 2+16, and 4+16 


2,4 


Max Sample Rate 




2GSa/s to4GSa/s 


1.25 GSa/s to 




5 GSa/s 


Max Memory 




1 Mpts Std; up to 8Mpts 1 Kpts 


Display Resolution 




XGA (1024x768) 


VGA (640 x480) 


Waveform Update Rate 


100,000 per second 


3,600 per second 


Connectivity 




Standard: LAN, 


Standard: LAN, 


USB, GPIB,and 


parallel (GPIB, 


XGA video 


RS-232, and video 




optional) 


* 





Agilent Direct 



Ready to see the difference? Get a 
Quick Quote or schedule a demo today. 

U.S. 1-800-829-4444 

Canada 1-877-894-4414 

vmw.agilent.com/find/morescope 

;!Cv Agilent Technologies 

©Agilent Technologies, Inc. 2005 

Specifications compiled from Agilent 6000 Series oscilloscopes Data Sheet 
5989-2000EN, September 12, 2005 and Tektronix TDS3000B User Manual 
071-0957-03, February, 2005 
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BY MICHAEL SANTARINI, SENIOR EDITOR 



EDA industry needs 
a reality check 

Four years ago, the EDA industry appeared to be on top of the 
world; now, it appears to be taking desperate measures to 
show a recovery. In 2001, when every other industry was 
struggling under the weight of the worst recession in modem 
times, the big three EDA vendors were putting up solid but 
not stellar revenue gains, and EDA start-ups accounted for 
three of the top 10 IPOs (initial public offerings) across all industries. 

ED As seemingly brightest moment in what turned out to be a super- 
nova of a year came at an ED AC (EDA Consortium) Chief Executive 
Officer forecast panel. EDAC organizers were beaming because, after 
a seemingly eternal absence, reporters from the business press had 
shown up at an EDA event. A bunch of smiling new faces, mostly 
bankers and venture capitalists, gathered to hear the prospects of what 

appeared to be a bulletproof industry. It 
was a standing-room-only event. The 
place was buzzing. 

During that panel, the chief execu- 
tive officers stayed away from the eso- 
teric engineering stuff they usually offer 
us in the trade press and instead gave a 
simple, unified message: EDA is reces- 
sion-proof. They espoused the view 
that their customers, though struggling 
and madly laying off employees, still 
needed to innovate to get out of the 
downturn and therefore wouldn't cut 
R&D budgets. EDA- industry chiefs 
also touted the fact that the industry 
would ease the lives of analysts, in- 
vestors, and maybe even customers by 
doing away with perpetual licensing. 
Instead, it would offer customers one- 
to three-year subscriptions. Doing so, 
they said, would relieve their sales 
forces of cutting deals in the 1 1th hour 
of each quarter to meet quotas. 

That moment was a high point for 
the EDA industry, but it didn't take 
long for reality to kick in. About six 



If the EDA 
industry wants 
to turn the tide, 
it should stop 
dealing out 
marketing bull 
and address the 
weak points. 

months later, the EDA industry 
learned the long, hard lesson that it 
is not recession-proof but rather a reces- 
sion indicator. Since then, the EDA 
industry has been desperately trying to 
show that it is an indicator of a recov- 
ery. It hasn't yet recovered, but, sadly, 
it appears to be desperate to show 
that it has. Indeed, several reports from 
the field claim that EDA vendors 
are avidly discounting tools and 
even offering all-you-can-eat-buffet 
licensing to their biggest customers, fur- 



ther delaying the industry's recovery. 

But perhaps the biggest sign of des- 
peration occurred too quietly in Octo- 
ber 2005, when the EDAC's MSS 
(Market Statistics Service) quietly 
issued second-quarter earnings claiming 
that industry revenue was flat (Refer- 
ence 1 ). For the first time, EDAC did- 
n't offer a spokesman to comment on 
the quarter. That exception should 
have been the first indicator that some- 
thing was fishy with MSS' account of 
the quarter. A closer look at the release 
shows that true EDA, which compris- 
es tools, maintenance, and services (in 
a good year), is in fact down; roughly 
20% of $1.09 billion in EDA revenue 
for the quarter came from IP (intellec- 
tual-property) revenue, not tradition- 
al EDA. 

It is as if EDAC had simply decided 
that, if traditional EDA isn't going to 
recover soon, it will just expand the def- 
inition of EDA. The worst part isn't 
that EDAC MSS is reporting the rev- 
enue traditional EDA companies also 
gain in their side IP businesses; it's that 
the organization now counts revenue 
from pure-play IP companies, such as 
MIPS Technologies, as EDA. 

It's sad that EDAC has had to stoop 
so low as to so overtly manipulate the 
numbers. It is even worse that the in- 
dustry press, which actively reports in- 
dustry earnings, regurgitated the press 
release and didn't question MSS' num- 
bers. If the EDA industry wants to turn 
the tide, it should stop dealing out mar- 
keting bull, take a realistic look at the 
state of its business, and address the 
weak points. The online version of this 
column at www.edn.com/060119ed 
lists seven issues that the EDA indus- 
try needs to address. I'd be happy to hear 
your suggestions, too, for what I deem 
an essential but painfully misrepresent- 
ed industry. E-mail me at michael. 
santarini@reedbusiness.com.EDN 

REFERENCE 

n www.edac.org/downloads/press 
releases/05-1 0-05_MSS_Q2_2005_ 
Release.pdf. 
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High-Speed Signals 

High-speed conversion systems, especially in the telecommuni- 
cations field, allow the input to the ADC to be AC-coupied 
either through a transformer, a capacitor, or a combination of 
both. For the test and measurement industry however, the front- 
end design is not as simple because this application area often 
requires the input signal to be DC-coupled as well as provide the 
capability for AC-coupling. The design of an active front end 
that delivers good pulse response and low distortion from DC 
up to frequencies of 500 MHz (and beyond) is challenging. This 
issue of the Analog Edge'" wiU provide a few design ideas and 
su^estions for an analog front end for use with high-perform- 
ance ADCs suitable for high-speed data capture. 

The preferred method of interfacing high-frequency analog sig- 
nals to the input of an ADC is through the use of differential 
amplifiers. Therefore, the first component to be selected should 
be a differential output operational amplifier. When choosing 
such a device, there are two main considerations: the gain band- 
width product and the ability to set the conmion-mode output 
voltage of the op amp from an external voltage. This is because 
it is very important that the signal amplifier driving the ADC s 
inputs has its common mode output voltage (V^i^q) set within 
the optimum range for the ADC. If this condition is not met, 
the ADCs performance will rapidly degrade as the disparity 
between the amplifiers V^mq the ADC s optimum input 
common mode voltage increase. 

The main disadvantage of wideband differential op amps is 
that they usually have limited gain and may also have their 
gain level preset internally. Depending on the application, it 
may be necessary to add a pre-amplifier to the design to 
meet the necessary gain requirement. 

For the pre-amplifier, a very wideband op amp should be 
used in order to meet the desired input frequency of the 
ADC. For systems which sample up to 1 GSPS, this equates 
to an input bandwidth requirement of 500 MHz for over 
samphng systems. 
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Small Signal Non-Inverting Frequency Response 
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Figure 1. LMH6703 Frequency Response 



For an operational amplifier to operate with significant gain 
(Ay=10 for example) and maintain such a wide bandwidth, 
equates to a 5 GHz Gain Bandwidth (GBW) product. Most 
voltage feedback amplifiers will not be able to meet this speci- 
fication due to the direct tradeoff between frequency response 
and gain inherent in this architecture. Current feedback ampli- 
fiers however, enjoy a much better relationship between these 
parameters because the performance is generally dictated by 
the value of the feedback resistor within the op-amp circuit. 
An op amp that is ideal for operating at high bandwidths with 
gain settings between 1 and 10 is the LMH6703. This device 
can be used with the seleaed differential amplifier to provide 
any extra gain requirements in high bandwidth systems such as 
oscilloscopes and data capture cards. 

The frequency response of this particular amplifier can be 
seen in Figure I. 

£^ National 
|/r Semiconductor 
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Single/Dual, High-Performance, Low-Power, 
8-Bit 1.5 GSPS ADC (3 GSPS DES mode) 

The ADC08D1500 is the industry's lowest power, best performing, 
dual 8-bit 1.5 GSPS analog-to-digital converter It simultaneously 
digitizes two signals to 8-bit resolution at sampling rates up to 
1 .5 GSPS or one signal at sampling rates up to 3 GSPS. Consuming 
a typical 1 .8W at 3 GSPS from a single 1 .9V supply, this device is 
guaranteed to have no missing codes over the full operating 
temperature range. The ADC081500 is the single converter 
conversion of the ADC08D1500. 

The unique folding and interpolating architecture, fully differential 
comparator design, innovative design of the internal sample-and 
hold amplifier, and the self-calibration scheme enable a very flat 
response of all dynamic parameters beyond Nyquist. 




Features 

■ 7.25 Effective number of bits (ENGB) at Nyquist, 1 .5 GSPS 
(typ.) 

■ Bit error rate lO ^Mtyp.) 

■ Interleave mode on the ADC08D1500 for up to 3 GSPS 
sampling 

■ Choice of SDR or DDR output clocking 

■ Multiple ADC synchronization capability 

■ Serial interface for extended control 

■ Fine adjustment of input full-scale range and offset 

■ Single +1.9V (±0.1 V) operation 

■ ADC08D1 500 Consumes only 1 .8W while running at 
3 GSPS 

■ ADC081 500 Consumes only 1 .2W while running at 
1.5 GSPS 

The ADC08D1500 and the ADC081500 are well suited for a vari- 
ety of applications including direct RF down conversion, digital 
oscilloscopes, satellite set-top boxes, communications systems, 
and test instrumentation. These converters are available in 
LQFP-128 packaging. 

www.national.coin/pf/DC/ADC081500.html 
www. nat i na I .com/pf/D C/AD C08D 1 500.htm I 




1.2 GHz, Low Distortion Op Amp with Shutdown 

The LMH6703 is a very wideband, DC coupled monolithic opera- 
tional amplifier designed specifically for ultra-high resolution 
video systems as well as wide dynamic range systems requiring 
exceptional signal fidelity. Benefiting from National's current 
feedback architecture, the LI\/IH6703 offers a practical gain range 
of ±1 to ±10 while providing stable operation without external 
compensation, even at unity gain. At a gain of +2, the LMH6703 
supports ultra high resolution video systems with a 750 MHz 
2Vpp -3 dB bandwidth. 

With 12-bit distortion levels through 10 MHz (Rl = IOOQ), and a 

2.3 nV//Hz input referred noise, the LMH6703 is the idea! driver 
or buffer for high speed flash A/D and D/A converters. Wide 
dynamic range systems requiring exceptional signal fidelity and 
low distortion, such as in the test and measurement markets, can 
benefit from the performance of the LMH6703 amplifier. 

Features 

■ -3 dB Bandwidth (Vqut = 0.5 Vpp, Ay = +2) 1 .2 GHz 

■ Fast slew rate 4500 V/ps 

■ 2nd/3rd Harmonic (20 MHz, S0T23-6) -69/-90 dBc 

■ Low noise 2.3 nV//Hz 

■ Low differential gain and phase 0.01%/0.02° 

The LMH6703 is ideal for use in video switching and distribution, 
radar, communication receivers, and test and measurement appli- 
cations, and is available in SOIC-8 and S0T23-6 packaging. 

www.national.com/pf/LM/LMH6703.html 
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For a gain setting of 10 and a bandwidth of 500 MHz, the 
graph in Figure 1 recommends the feedback resistor (RFl) to 
be 300 Ohms. 

Av=1 +(Rf/Rg) 

Therefore RGl (the gain resistor) can be selected as 33 Ohms. 

As an example, Figure 2hdow shows the LMH6703 in circuit 
with a dififerential amplifier. 



<IVCM0 




Figure 2. Two Stage Amplifier Circuit Diagram 



Having provided the system with suitable levels of fixed gain 
for the DC signal path, the application may also require an AC- 
coupled mode. This is because a DC signal path will always 
be restricted by the gain bandwidth produced by the input 
amplifier. For data capture devices or communications channels 
that require very wide input bandwidth and low distortion, an 
AC signal path may be used. This allows the upper input 
frequency limit to extend beyond the DC signal path capability. 

This can be solved in a ntimber of ways and the choice of which 
method will depend largely on the minimum input frequency 
and the required high frequency performance. For ultimate AC 
performance at high frequencies (200 MHz and above), balun 
transformers offer a good solution to achieve single-ended-to- 
differential conversion as they add very little distortion to the 
signal. The trade off is that baluns are lossy components which 
will attenuate the signal by a small amount (-1 to 2 dB) and 
they also have poor low-frequency performance. A balun-cou- 
pled signal path can be inserted into the circuit of Figure 3 by 
using a single-pole RF relay to switch the single-ended output 
signal from the pre-amplifier into either the differential ampli- 
fier or the Balun Circuit. A 2nd Double Pole Double Throw 
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RF relay is also required to route the outputs of the balun and 
differential amplifier into the ADC inputs. 

This circuit works well for high-end test and measurement 
equipment. But for cost-sensitive applications, the cost of RF 
signal relays becomes a burden on the system budget, especially 
if multiple channels are required. It is therefore advantageous for 
lower-speed systems to select a differential output operational 
amplifier that can be used for both AC- and DC-coupled 
modes, thus eliminating the balun circuit. Amplifiers suitable 
specifically for this task are beginning to gradually appear and 
are offering increasing performance in terms of bandwidth and 
THD figures. For an 8-bit 1 GSPS converter, a differential 
amplifier offering -50 dB THD figures at 500 MHz with a 
minimum bandwidth of 1 GHz, would be a good set of param- 
eters to seek out. Good dynamic performance can be obtained 
from high-speed ADCs using off the shelf op-amp components 
in the front end design which gready reduce the design time. 
The SINAD loss due to the amplifiers can be no more than 3 
to 4 dB at the upper frequencies. The plot in Figure 4 shows a 
FFT of a 198 MHz input signal buffered by a wide bandwidth 
differential output amplifier and sampled by an 8-bit ADC at 
500 MS PS. The plot shows the amplifier has very low 2nd and 

3rd harmonic 
distortion at this 
frequency and 
enables the ADC 
to capture signals 
with noise and dis- 
tortion figures that 
are comparable to 
the performance 
obtained from a 
dedicated AC-cou- 
pled signal path. 
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Figure 3. Frequency Response of a System with 
Extended AC Signal Capability 



Figure 4. FFT Plot of a 198 MHz Sine Wave Sourced by a High-Speed 
Differential Output Op Amp, Sampled at 500 MSPS by the ADC08D500 

Summary 

Amplifier performance is continually being enhanced to 
deliver increased bandwidth and lower THD. With ADCs 
pushing well into the GSPS range, complimentary amplifiers 
that can interface to these converters will be in demand. Not 
only will system cost be reduced by eliminating circuit paths, 
the performance of the system will not be compromised and 
will allow designers to offer higher performance for lower 
cost, while reducing design time for fi-ont-end electronics. ■ 

The design of a differential output amplifier circuit was extensively covered 
in Signal Path Designer #101, A Walk Along the Signal Path, available at 
signalpath.national.com/designer 



Featured Products 




Differential, High-Speed Op Amp 

The LMH6550 is a high-performance voltage feedback differential 
annplifier. The fully differential topology allows balanced inputs to 
the ADCs and can be used as single-ended-to-differential or used 
as differential-to-differential. This annplifier has the high speed 
and low distortion necessary for driving high performance ADCs 
as well as the current handling capability to drive signals over 
balanced transmission lines such as CAT-5 data cables. 
The LMH6550 can handle a wide range of video and data formats. 

With external gain set resistors, the LMH6550 can be used at any 
desired gain. Gain flexibility coupled with high speed makes this 
device suitable for use as an IF amplifier in high performance 
communications equipment. 

Features 

■ 400 MHz, -3 dB Bandwidth (Vqut = 0.5 Vpp) 

■ 90 MHz, 0.1 dB Bandwidth 
■-92/-103 dBHD2/HD3at5MHz 

■ 3000 V/psSlew rate 

■ -68 dB Balance error (Vqut = 1 -0 Vpp, 1 MHz) 

■ 10 ns Shutdown/enable 

The LMH6550 is ideal for use in applications requiring a differen- 
tial A/D driver, video twisted pair, differential line driver, single 
end-to-differential converter, high-speed differential signaling, 
IF/RF amplifiers, or SAW filter buffer/drivers. It is available in the 
space-saving SOIC-8 and MSOP-8 packaging. 

www.national.com/pf/LM/LMH6550.html 



High-Perfarmance, Low-Power, Dual 8-Bit 
500 MSPS A/D Converter 

The ADC08D500 is the industry's lowest power dual 8-bit 
500 MSPS analog-to-digital converter, it simultaneously digi- 
tizes two signals to 8-bit resolution at sampling rates up to 
500 MSPS or one signal at sampling rates up to 1 GSPS. 
Consuming a typical 1.4W at 500 MSPS from a single 1.9V 
supply, this device is guaranteed to have no missing codes over 
the full operating temperature range. Its best-in-class dynamic 
performance, linearity, and pulse response make it ideal for 
data acquisition systems. The low power consumption allows 
for small form factors (no heatsinks or fans required) and long 
battery life. 




Features 

■ 7.5 Effective Number of Bits (ENOB) at Nyquist (typ) 

■ Bit error rate 10'^^ (typ) 

■ Single -hl.SV (+0.1 V) operation 

■ Interleave mode for 2x sampling rate 

■ Choice of SDR or DDR output clocking 

■ Multiple ADC synchronization capability 

■ Serial interface for extended control 

■ Fine adjustment of input full-scale range and offset 

The ADC08D500 is ideal for use in direct RF down conversion, 
digital oscilloscopes, satellite set-top boxes, communications 
systems, and test instrumentation. This A/D converter is available 
in a thermally-enhanced exposed pad LQFP-128 and operates over 
the industrial (-40''C to +85°C) temperature range. 

www.nationaLcom/pf/DC/ADC08D500.html 
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LeCroy WaveSurfer® WS454 

Large, bright, 10.4" LCD screen 
Small footprint 
100X longer capture time 
Windows®XP Connectivity 
Simple, touch-screen interface 
Starting under $4500 



Tektronix® TDS 3000 

Small, 6.4" screen 
Small footprint 
Yesterday's technology 



It's your call. 

iBCro v 

1-800-4-LeCroy (1-800-453-2769) 
http://www.lecroy.com/goto/WaveSurferAd 




Standard Eutectic or Ap^ 
Optional Lead-free 

Advanced now offers select BGA sockets 
with lead-free solder ball terminals to comply 
with worldwide directives. 



From concept to completion, Advanced is your single source for comprehensive 
BGA socketing systems. We specialize in economical, dependable alternatives 
to direct device attach, with an array of innovative solutions for any stage of 
development. Whether you're using BGA, LGA or CSP devices in prototype or 
production applications — you can be sure we're with you every step of the way. 

To learn more, visit us online at 
http://www.bgasockets.com 
or call 1.800.424.9850. 

5 Energy Way, West Warwick, Rhode Island 02893 USA 




IC SOCKETS AND ADAPTERS ■ BOARD TO BOARD CONNECTORS ■ PEEL-A-WAY® CONNECTORS 9001 
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Embedded computer features 
conductive cooling 

The new seven-slot, 3U Hercules CompactPCI system from Inova Computers features a 
special aluminum heat sink that conducts heat away from the CPU and peripherals. This 
thermal-management scheme prevents hot spots inside the chassis and extends system 
MTBR Running Windows XP Embedded, Hercules comes with a CPU board with either a 1- 
GHz Celeron M or a 1 .4-GHz Pentium M, an intelligent power-supply-unit board, and five vacant 
backplane slots for adding CompactPCI I/O and controller boards for such functions as digital 
video, global positioning, wireless LAN, and removable hard-disk drive. 

The CPU board contains a Phoenix 
BIOS; 256 Mbytes of Compact Flash 
memory; a USB 2.0 port; a Fast or 
Gigabit Ethernet port; a 2048x1 536- 
pixel analog video accelerator; and three 
24V, optoisolated digital I/O lines. The 
system has a standard —20 to +50°C 
ope rating -temperature range plus an op- 
tional -40 to +85°C range. A board- 
support package provides utilities to 
monitor the operating parameters of the 
system and maintain reliability. Prices 
begin at $1675 (OEM quantities), and 
delivery is four to eight weeks after re- 
The rugged Hercules computer system delivers a ceipt of order.-by Warren Webb 
CPU and intelligent power supply in a conduction- t>lnova Computers, www. 
cooled, seven-slot CompactPCI chassis. inova-computers.com. 




m FEEDBACK LOOP 

"Consider how a 
youngster might 
think about it: 
'Why should I 
blow four to 
eight years in 
college fighting 
for one of a 
steadily declin- 
ing number of 
engineering jobs 
that are all get- 
ting sent over- 
seas anyway?'" 

Bruce Lane, in EDM's Feedback 
Loop, at www.ecln.com/ 
article/CA6280033. Add your 
comnnents. 



Class D makes audio chip ( 

Available in a 4x4-mm package, the LM4935 audio chip pro- 
vides a complete subsystem for smart phones and VOIP (voice- 
over-Internet Protocol) handsets. The device handles many com- 
mon analog and digital input and output formats and includes a 
Class D speaker amplifier that delivers 570 mW into an 8Cl load. 

Flexibility is the LM4935's hallmark. It can accept digital-au- 
dio data in PCM (pulse-code-modulation) format over a bidirec- 
tional PS or PC digital link. For analog input signals, built-in 
switching and mixing circuitry allows the device to accept a 
stereo signal, two separate mono signals, differential mono sig- 
nals from a cell-phone-radio module, and internal or external 



irade A 

microphones. The output lines support OCL (output-capacitor- 
less) or ac-coupled drives of 30 mW into a 3211 load, an ear- 
piece amplifier, and a line output for an external amplifier. Other 
features include a SAR (successive-approximation-register) 
ADC for system monitoring and a high-fidelity DAC. 

The device comes in a 49-bump micro-SMD package with 
0.5-mm pitch and costs $3.95 (1000). National Semiconductor 
also offers online design tools at http://wbench.national.com 
and seminars at its main Web site. 

-by Richard A Quinnell, Contributing Editor 

National Semiconductor, www.national.com. 
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Supply controls 
LED-light levels 

The LTC3783 current- 
mode multitopology 
converter drives high- 
power-LED strings and 
clusters. The device pro- 
vides constant-current 
PWM (pulse-width-mod- 
ulated) power to control 
the brightness level of 
the LEDs. It can achieve 
a dimming ratio of 3000- 
to-1 using digital meth- 
ods and 100-to-1 using 
analog control. The de- 
vice also offers a dim- 
ming mode that guaran- 
tees the color integrity 
of white and RGB LEDs. 

This controller can op- 
erate in boost, buck, 
buck-boost, SEPIC (sin- 
gle-ended primary-in- 
ductance-converter), and 
flyback-converter 
modes. It can also oper- 
ate as a constant-cur- 
rent/constant-voltage 
regulator without a cur- 
rent-sense resistor. 

The LTC3783 can ac- 
cept input voltages of 3 
to 36V and provides 
overvoltage protection. 
It integrates drivers for 
power and load MOS- 
FET switches and 20- 
kHz to 1-MHz switches 
based on a single fre- 
quency-setting resistor. 
Price is $2.85 (1000). 
-by Richard A Quinnell, 
Contributing Editor 

Linear Technology 
Corp, www.linear.com. 




This LED-power-driver de- 
vice offers design flexibility 
and color stability over a 
3000-to-1 dimming range. 
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Driver handles three- 
phase brushless motors 



The high cost of electron- 
ic control for BLDC 
(brushless-dc) motors 
has long been one of the bar- 
riers to their use in system de- 
signs. Now, Apex Microtech- 
nology is offering a low-cost 
motor-driver IC to remove that 
barrier for users of three- 
phase BLDC motors requiring 
currents as great as 5A per 
phase. The company's SA305 
combines drive transistors with 
logic control, current sensing, 
and fault-protective circuits to 
simplify design-in. The device's 
high switching speed and driv- 
er power efficiency help re- 
duce manufacturing costs. 

The term "motor driver" does 
not quite do the SA305 jus- 
tice; the term "intelligent 
switching amplifier" seems 



more accurate. The device of- 
fers three independent drive 
channels that can each source 
or sink current on an output 
line based on digital signals 
coming from a DSP or a mi- 
crocontroller that controls the 
SA305. The device is not sim- 
ply a passive driver, however. It 
has built-in circuitry to prevent 
simultaneous "source" and 
"sink" drive signals from creat- 
ing an internal short circuit. 
Instead, the SA305 automati- 
cally inserts dead time to one 
drive command if the other 
drive command is still active. 
This feature prevents shoot- 
through-current situations 
from damaging the drive tran- 
sistors. 

Other built-in safety fea- 
tures include junction-temper- 



The SA305 motor-driver IC combines drive transistors with logic 
control, current sensing, and fault-protective circuits to simplify 
gn-in. 



ature sensing and output-short-^^ I 
circuit protection. If the junc- 
tions of the drive transistors 
reach 1 60°C, the device shuts 
off the drive transistors and as- 
serts the fault line. A short cir- | 
cuit across output pins has the 
same effect, although design- 
ers should mount the device to 
handle a brief, 500W power 
surge. An external reset signal 
restores the device to normal 
operation. The SA305 can han- 
dle continuous currents of 5A 
and peak currents of 1 0A, mak- 
ing it suitable for BLDC motors 
as powerful as Vs hp. The drive 
transistors' channel resistance 
of less than 0.40 and PWM- 
controlled drive current (switch- 
ing at 1 00 kHz) mean that the 
device generates little heat. 
This feature allows the device 
to operate with limited or no 
heat-sinking, reducing imple- 
mentation costs. 

You can independently con- 
trol the output transistors for 
the three channels, which 
means that the SA305 is not 
limited to motor applications, 
according to Apex's vice pres- 
ident of engineering, Tom 
Price. The unit can just as eas- 
ily handle relays, lighting, and 
other high-current loads. The 
SA305 comes in an SI P with a 
grounded heat tab. The price is 
$13.10(10,000). 

—by Richard A Quinnell, 
Contributing Editor 
[ Apex Microtech nology 
Corp, www.apexmicrotech. 
com. 
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DAV I NCI 

TEXAS INSTRUMENTS 
PROCESSORS I SOFTWARE | TOOLS | SUPPORT 




Now that DaVinci products are here, your 
digital video innovations are everywhere. 

That's the DaVinci Effect. 




Davinci™ Technology makes astounding 
creativity possible in digital video devices 
for the hand, home and car. The DaVinci 
platform includes digital signal processor 
(DSP) based SoCs, multimedia codecs, 
application programming interfaces, applica- 
tion frameworks and development tools, all 
of which are optimized to enable innovation 
for digital video systems. DaVinci products 
will save OEMs months of development time 
and will lower overall system costs to 
inspire digital video innovation. So what are 
you waiting for? You bring the possibilities. 
DaVinci will help make them real. 



What is DaVinci? 

Processors: Digital Video SoCs: 

- TMS320DM6446 - Video encode/decode 

- TMS320DM6443 - Video decode 



DM6446 




Performance Benchmarks: 



STANDALONE CODECS DM6446 

MPEG-2 MP ML Decode IT^'^"! 



DM6443 

720p+ 



MPEG-2 MP ML Encode 



MPEG-4 SP Decode 



MPEG-4 SP Encode 
VC1/WMV 9 Decode 



720p+ 
720p+ 



VC1/WMV 9 Encode 



1264 (Main Profile) Decode D1 + 



+ denotes available processor headroom for analytics and/or other features 

Tools: Validated Software 
and Hardware Development 

- DVEVM (Digital Video 
Evaluation Module) 

- MontaVista Development Tools 

- Code Composer Studio IDE 



Software: Open, Optimized 
and Production Tested 

- Platform Support Package 

- MontaVista Linux Support Package 

- Industry-recognized APIs 

- Multimedia frameworks 

- Platform-optimized, multimedia codecs: 



- H.264 
-MPEG4 

- H.263 

- MPEG2 
-JPEG 

- AAC+ 



- AAC 
-WMA9 

- MP3 

- G.711 

- G.728 

- G.723.1 



- G.729ab 

- WMV9/ 
VC1 



»> For complete technical 
documentation or to get 
started with our Digital Video 
Evaluation Module, please visit 
www.thedavincieffect.com 




Portable Media Player 



IP Set Top Box 






Automotive Infotainment Digital Still Camera Digital Video Innovations Video Surveillance Video Phone & Conferencing 

DaVinci, Code Composer Studio IDE, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1321A0 © 2006 Tl 



Technology for Innovators™ Texas Instruments 
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Scopes combine J 
big displays, small footprint 



With its WaveRunner Xi line, 
LeCroy brings big-scope per- 
formance and a 1 0.4-in. touch- 
sensitive display to a package 
whose benchtop footprint is no 
larger than that of scopes that 
offer much lower performance. 
What's more, the units achieve 
this goal at base prices of 
$7500 to $1 1,000. Like the 
lower cost WaveSurfer, Wave- 
Runner Xi scopes measure 
only 6 in. deep. Whereas the 
footprint is one-third to one- 
half that of most other instru- 
ments in this class, the display 
is 1.5 and 2.5 times that of 
8.4- and 6.4-in. screens, re- 
spectively 

The scopes offer sampling 
rates as high as 10G sam- 
ples/sec on the 600-MHz unit 
with pairs of channels inter- 
leaved and have standard 2M- 
point/channel memory; as 
many as 24M points/channel 
interleaved are optional. The 
high sampling rates, providing 
at least 10X oversampling, re- 
sult in excellent signal fidelity 
on fast edges and high-fre- 



quency signals and ensure ac- 
curate timing measurements 
when all channels are active. 
These sampling rates exceed 
those of most higher priced 
competitive scopes having 
bandwidths of 1 or 1.5 GHz. In 
addition, LeCroy offers the MS- 
32 mixed-signal option, which 
allows users to add to a four- 
channel WaveRunner Xi 32 
digital logic-timing-analysis 
channels, each with 1 M points/ 
channel (32M points total). This 
feature expands the four- 
channel scope to four analog 
and 32 digital channels and 
significantly enhances mixed- 
signal and embedded-con- 
troller debugging. 

The WaveStream fast-view- 
ing mode provides bright- 
ness-graded intensity with a 
decay time similar to that of 
the phosphor on an analog 
screen. This mode operates to 
10G samples/sec with up- 
date rates to 8000 wave- 
forms/sec for improved cap- 
ture of higher frequency ab- 
normal events. 




The WaveRunner Xi-series 
scopes are available in 400- 
and 600-MHz bandwidths. The 
400-MHz unit comes with four 
channels, and the 600-MHz 
units are available with two or 
four channels. All models sam- 
ple at 5G samples/sec on all 
channels simultaneously and 
the 600-MHz model inter- 
leaves to 1 0G samples/sec. All 



models provide memory of 2M 
points/channel or 4M points/ 
channel, interleaved, which 
equates to a 400-|jLsec cap- 
ture time at the full sample rate. 
Memory as deep as 12M 
points/channel or24M points/ 
channel interleaved is op- 
tional.-by Dan Strassberg 

LeCroy Corp, www.lecroy 
com. 



WaveRunner Xi scopes provide the performance of larger and 
costlier instruments in a 6-in.-deep package with an 800 X 600- 
pixel, 1 0.4-in. screen. 



UWB-chip-set maker preps 
rollout of consumer products 

You've been hearing about UWB (ultrawideband) 
technology for seemingly a decade while waiting for 
products to appear. Most pundits blame the stan- 
dards impasse on the IEEE 802.15 committee. How- 
ever, Matthew Shoemake, president and chief execu- 
tive officer of start-up WiQuest, disagrees. Shoemake 
claims that it's simply taken a couple of years for the 
WiMedia group to finish a spec and for semiconduc- 
tor companies to, in turn, deliver products. Shoemake 
doesn't seem bothered a bit by the lack of an industry 
standard or that the rival UWB Forum (www.uwbfo- 
rum.org) group is headed down a different path, as 
his company launches the Gigabit WQST110 base- 
band and PHY (physical)-layer chip. 

WiQuest joins Alereon (www.alereon.com), which 
launched a WiMedia chip in October 2005 (see "Chip 
family offers WiMedia/UWB compliance," www.edn. 
com/article/CA6275575), with products that can en- 
able applications such as UWB printers, cameras, and 
media players. The WiQuest differentiator comes in 
the fact that it offers a 1-Gbps data rate. The WiMedia 
spec defines a maximum rate of 480 Mbps. 

Shoemake claims that the WiQuest offering will 
maintain compatibility with other WiMedia chips and 
offer significantly higher performance when two 
WiQuest-based products connect on a UWB network. 
He argues that the speed provides the reason for 
UWB to exist. The Gigabit rates provide a reason for 
product designers to use UWB either in place of or 
alongside 802.11 chips that feature much longer 
range-and certainly instead of UWB Forum technolo- 
gy that, according to Shoemake, will be limited to 
rates of approximately 100 Mbps. 

The company pledges to have consumer products 
on shelves by the third quarter. Samples of the chips 
and a $15,000 development kit are now available. 
WiQuest claims the BOM (bill-of-materials) cost for 
an add-on UWB module for a PC will be approximate- 
ly $20 (medium volumes).-by Maury Wright 
.^ WiQuest Communications, www.wiquest.com. 
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AMPLIFIERS 



Connect ±10V Signals 
to Single-Supply ADCs 



+10V 




INA159 20kL 



i 



] 



Burr-Brown Products 
from Texas Instruments 




, reference 



Precision Level-Shifting Difference Amplifier 

The new INA159 is a unique, level-shifting difference amplifier with a gain of 0.2. 
Designed to simply and accurately interface ±10V signals to single-supply ADCs, 
INA159 is particularly well-suited to applications with 4.096V and 5V references. 
It also is designed to drive 16-bit ADCs such as ADS8325, offering a combination 
of low gain error, high DC precision, excellent AC performance, and low output 
impedance. Achieve more: order your samples today. 



► Applications 

- Differential to single-ended 
conversion 

- Industrial process control 

- Data acquisition 

- Test equipment 

- Instrumentation 

► Features 

- Gain of 0.2 ±0.02% (max) 

- Low offset: ±100mV 
-Low drift: 1.5mV/°C 
-Wide bandwidth: 1.5MHz 

- Single-supply operation 
down to 1 .8V 











Offset 


Offset Drift 


CMRR 


BW 


Power 


iQPer 














(mV) 


(Mvrc) 


(dB) 


(MHz) 


Supply 


Ch. (mA) 






Device 


Description 


Ch. 


Gain 


(max) 


(max) 


(min) 


(typ) 


(V) 


(max) 


Package 


Price 


INA159 


1.5MHz Precision Level 
Translation Amp 


1 


0.2 


500 


5 


86 


1.5 


1.8 to 5.5 


1.4 


MSOP-8 


$1.59 


INA152 


Excellent Output Swing 


1 




750 


5 


86 


0.7 


+2.7 to +20 


0.65 


MSOP-8 


$1.20 


INA132 


pPower, High Precision 


1 




250 


5 


76 


0.3 


+2.7 to +36 


0.185 


DIP, SO 


$1.40 


INA2132 


Dual INA132 


2 




250 


5 


76 


0.3 


+2.7 to +36 


0.185 


DIP, SO 


$2.35 


INA133 


High Precision, Fast 


1 




450 


5 


80 


1.5 


±2.25 to ±18 


1.2 


SGIC-8/-14 


$1.40 


INA2133 


Dual INA133 


2 




450 


5 


80 


1.5 


±2.25 to ±18 


1.2 


SGIC-8/-14 


$2.35 


INA143 


High Precision, G = 10 or 0.1 


1 


10, 0.1 


250 


3 


86 


0.15 


±2.25 to ±18 


1.2 


SGIC-8/-14 


$1.40 


INA2143 


Dual INA143 


2 


10, 0.1 


250 


3 


86 


0.15 


±2.25 to ±18 


1.2 


SGIC-8/-14 


$2.25 


INA157 


High Speed, G = 2 or 0.5 


1 


2, 0.5 


500 


20 


86 


4 


±4 to ±18 


2.9 


SGIC-8 


$1.40 



FREE! Simulate your INA159 circuit i 
with TINA-TI™ a powerful, T^O 
SPICE simulation program 

www.ti.com/tina-ti -^^--^==^*l!f 

www.ti.com/ina159 o 800.477.8924, ext. 12855 



Technology for Innovators™ Texas Instruments 



Technology for Innovators and the red/black banner are trademarks of Texas Instruments. TINA is a trademark of DesignSoft. 1228A0 
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Digital-power controller is 
fast and software-configurable 



Ron Van Dell, president 
and chief executive of- 
ficer of Primarion, likes 
to preface his introduction of 
the company's new digital- 
power-conversion and -man- 
agement family with a detailed 
explanation of exactly what 
"digital power" is-and isn't. "If 
you put a serial interface on 
an analog controller, that 
doesn't make it a digital con- 
troller. It's an analog controller 
with a serial interface. A true 
digital controller allows you to 
both configure and communi- 
cate with it over an interface 
and doesn't require any out- 
side hardware changes." With 
this definition, you must be 
able to both configure and de- 
bug the design through a GUI 
for the power controller/man- 
ager to merit the designation 
"digital." 

Primarion's entry into the 
growing field of digital-power- 
management and -control ICs 
for nonisolated dc/dc convert- 
ers is the PX7510, which in- 
corporates fast on-chip non- 
volatile memory as well as the 
industry-standard PMBus to 



allow software-controlled con- 
figuration and real-time sys- 
tem monitoring. The ICs com- 
bination of true digital man- 
agement and nonvolatile mem- 
ory enables it to allow for less- 
than-ideal off-chip compo- 
nents and their effect on the 
control loop. According to Van 
Dell, this ability breaks the 
analog paradigm that dictates 



^ Hj ^ c^|-N#|Mb| fj 



that overall dc/dc-converter 
' precision can never be better 
than the precision of the sur- 
rounding resistors and capaci- 
tors. In addition to external tol- 
erances, the controller can cal- 
ibrate for other variations, such 
as drift and aging. This feature 
allows designs to use lower 
tolerance, lower cost external 
components. 

The PX7510 operates on a 
5V supply and has a frequen- 
cy-switching range of 1 50 kHz 
to 2 MHz. It can share current 



and thus can adapt from sin- 
gle-phase to a multiphase 
operation by synchronizing 
as many as four controllers 
to balance the power-supply 
current between phases. The 
PX7510 is available in an 
ROHS (reduction-of-hazard- 
ous-substances)-compliant, 
5x5-mm, 32-lead micro- 
lead-frame package. Prices 
start at $1.75 (1000). 

-by Margery Conner 
Primarion, www. 
primarion.com. 
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The PX7510 allows system configuration, debugging, and communication through its GUI and PC- 
based PMBus serial interface and has a frequency-switching range of 1 50 kHz to 2 MHz. 



SOI wafers host higher precision op amps 



With its VIP50 process for operational amplifiers. National Semi- 
conductor uses SOI (silicon-on-insulator) structures to build pre- 
cision amplifiers. The VI P50 has complementary 4-G Hz PN P and 
NPN transistors; a trench that reaches to the silicon dioxide of 
the SOI wafer electrically isolates each active device. In addition 
to greatly reduced noise and crosstalk, the structure also elimi- 
nates the parasitic transistors that cause latch-up. It can operate 
at 1 2V with split supplies for simple biasing. The process supports 
laser-trimmable precision resistors with closely matched isolated 
resistors that show no voltage-coefficient effects. 

Describing the process as "analog-grade CMOS," National 
Semiconductor's Erroll Dietz, vice president of the amplifier-prod- 
uct group, notes that it has low 1/f noise, yielding improved ac- 
curacy at low frequencies close to dc. "In precision, wideband 



noise isn't the problem; 1 /f noise is the problem," he says. "These 
transistors perform close to JFET input amplifiers." 

National Semiconductor will build several subfamilies of op 
amps on the process, including ultralow-power chips— amplifiers 
and comparators-operating from less than 1 |jlA, precision parts 
for 2.7 to 1 2V, and others that will exploit what Dietz says is a 
tenfold gain in the speed/power ratio. An example is the 
LMP771 1 for instrumentation front ends. With 200-fjLV offset, it 
operates as low as 1 .8V and offers a CMRR (common-mode re- 
jection ratio) of 95 dB, PSRR (power-supply rejection ratio) of 
1 00 dB, and noise of 7 nV/VHz at 400 Hz. Using more than 1 
mA, it has a gain-bandwidth product of 17 MHz. 

-by Graham Prophet, EDN Europe 

National Semiconductor, www.national.com. 
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Car Telematics 
IP TV 
Mobile TV 
Telepresence 
Biometrics 
Driver Assistance 
^ Streaming Media 
High Definition 
Effects Processing 
Triple Play 
Image Processing 
VoIP 

Embedded Security 
GSM/EDGE 
Baseband Processing 
Digital Radio 
Global Positioning 
Packet Processing 
GCG/Linux 

ly 




RoWu™ SoundBridge Radio 
WiFi Music System 



Streaming music and Internet connectivity — $5 

Roku hooked up with Blackfin's outstanding performance and program- 
mability for its SoundBridge Radio. Biackfin® maximizes flexibility by 
decoding audio formats including MPS, WMA, AAC, AIFF, and WAV 
while running TCPIP, HTTP, UPnP, and UPnP AV with PlaysForSure DRM 
protocols. And it's field-upgradeable for future content, services, and 
usage modules. All at only 200 mW and $5. Making connections: one 
more reason Biackfin is everywhere. 



Get started using Biackfin now: ANALOG 
analog.com/blackfin-is-everywhere ^^fl DEVICES 

© 2005 Analog Devices, Inc. 
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Altera's John Daane: 

programmable patriarch 

John Daane is president and chief executive officer 
of FPGA-maker Altera He is also a former design 
engineer who worked his way through the ranks at 
ASIC-maker LSI Logic before taking the helm at 
Altera. Daane's position and background perfectly 
suit him to discuss why programmability will gain 
ground in the consumer and automotive markets and what 
types of engineers are critical to the task. An excerpt of an in- 
terview with him follows. You can find the entire interview at 
www.reedelectronics.com/electronicnews/article/CA6291 91 7. 
The complete interview covers Moore's Law, why Altera is hir- 
ing, and the global engineering climate. 



When you're hiring engi- 
neers, what areas of ex- 
pertise are you looking 
for? 

As a company Altera 
has been hiring more 
specialty designers. 

Define "specialty." 

Analog. When you do 
high-speed trans- 
ceivers, you need analog en- 
gineers to design the trans- 
ceivers and a different appli- 
cations organization to do the 
verification for different stan- 
dards. Once you have the 
transceiver, it can work for 
PCI Express; it can work for 
XAUl [10-Gbps attachment- 
unit interface]; it can work for 
lots of different standards. 
You need to characterize that 
device for different standards, 
so there's suddenly a whole 
host of equipment that you 
have to invest in that you did- 
n't have before. 

There are types of engi- 
neers for the analog design 
as well as the applications 
engineers that have the expe- 
rience in these different sub- 



market sets that can do the 
verification and characteriza- 
tion for you. 

Analog engineers tradi- 
tionally have been the 
gold standards of engi- 
neering because of the 
amount of experience 
needed to do the job. 
Where do you find them? 
That's one of the rea- 
sons Altera is invest- 
ing in engineers in the United 
States. You find engineers 
here in areas such as analog 
and high-density high-per- 
formance-memory design, 
particularly in advanced 
geometries, and in a number 
of areas in which you need 
experience. 

We find we are one of the 
few companies that is still ag- 
gressively hiring in North 
America. People want to work 
for a successful, high-growth 
enterprise. Programmable 
logic offers a great growth 
story This company has been 
extremely profitable, and a lot 
of people are excited about 
the product road map that 




we're putting out in front of 
them. We've had no trouble 
attracting the talent we want. 

One of the complaints- 
particularly among auto- 
motive suppliers-about 
programmable chips is 
that the number of de- 
fects is higher than in the 
ASIC world. Is that situa- 
tion going to change? 

When you look at the 
core DNA of a compa- 
ny Altera has always been 
operationally excellent. We fo- 
cus on delivering high-quality 
products on time— much high- 
er quality than any of our 
competition. We report in our 
financial statements warranty 
reserves, and you can see 
that Altera's warranty provi- 
sions are significantly lower 
than our competition's and 
our quality is a lot better. 
Those factors allowed us to 
extend first into the consumer 
market, because it has the 
same concerns about quality 
as automotive suppliers. 

Isn't it a lot different if an 
MP3 player breaks down 
from if your car breaks 
down? 

If you buy a TV and 
that TV has a failure, 
you have to take that TV back. 
You can't send it in the mail 
because it's too expensive. 
You have to physically drive it 
somewhere. So, that problem 
may turn you off to the brand. 
Maybe on smaller items that 
are lower cost and throwaway 
items, people can live with the 



fact that it doesn't work well. 
On a higher end item, which is 
where you see programmable 
logic ... they are concerned 
about quality. If we feel we 
can meet the demands of the 
consumer industry, we cer- 
tainly can meet the demands 
of the automotive industry. 
The first thing the automotive 
companies do is to require a 
packet of information for your 
products going back many 
years. That packet includes 
failure information and quality- 
reliability information. That's 
the first thing you have to 
prove to them before they'll 
even engage with you-that 
you have the right quality met- 
rics. You need the systems 
and procedures in place and 
the data that back it up. 

Is it largely infotainment, 
or is it the basics of run- 
ning the car? 

There are some ba- 
sics, but the opportu- 
nity in the next few years is 
on the infotainment side. Are 
we in some drive- and power- 
train applications? The an- 
swer is "yes." But the larger 
dollar opportunity for us is in 
infotainment. 

That's the largest oppor- 
tunity, anyway, isn't it? 
^■V It's the largest incre- 

Vml mental opportunity If 
you look at the automotive in- 
dustry the number of cars is 
not going up as a total num- 
ber. But the electronics is go- 
ing up, mostly on the infotain- 
ment side. If you're supplying 
microcontrollers that do pow- 
er-train or engine control, it's 
a market-share game be- 
cause the number of cars is 
basically saturated on a 
worldwide basis. 

-by Ed Sperling, 
Editor in Chief, 

Electronic News 
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Blackfin is your copilot 




Open Source 
Car Telematics 
IP TV 
Mobile TV 
Telepresence 
Biometrics 
^ Driver Assistance 
Streaming Media 
High Definition 
Effects Processing 
Triple Play 
Image Processing 
VoIP 

Embedded Security 
GSM/EDGE 
Baseband Processing 
Digital Radio 
Global Positioning 
Packet Processing 



You'll drive more safely with Blackfin® at your side 

Driver blind spots contribute to thousands of collisions every year. So 
Valeo Raytheon Systems chose Blackfin to drive its MultiBeam Radar 
(MBR)™ detection and warning systems. With under 0.12 mW/MMAC 
power consumption and uncompromised performance of 1000 MMACs at 
105°C, Blackfin's powerful core-independent 16-channel DMA controller 
enabled Valeo Raytheon's proprietary radar algorithms to process extremely 
large amounts of radar data at high frame rates. Now you'll feel safer — 
because Blackfin is everywhere, even on the road. 



Get started using Blackfin now: 
analog.com/blacl(fin-is-everywhere 
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Logarithms: 

the new floating point? 



From the University of 
Newcastle upon Tyne 
spin-off Northern Digital 
comes a microprocessor whose . 
maker claims to be the first to 
operate directly on numbers 
that are held in a logarithmic 
representation. The device tar- 
gets applications that involve 
heavy computation loads and 
would essentially replace to- | 
day's floating-point processors I 
or coprocessors. Its designers 
say that it offers a perform- 
ance gain in such mathemati- 
cally intensive algorithms. 

When designers represent 
numbers as logarithms, addi- 
tion or subtraction carries out 
the multiplying or dividing of 
two numbers. Clearly this ap- 
proach offers the possibility of 
simplifying the multiplications 
that lie at the heart of many 
DSP or graphics algorithms. 
However, although multiplica- 
tion and division are simpler, 
addition and subtraction be- 
come correspondingly more 
complex. According to North- 
ern Digital, although others 
have considered the concept 
of a logarithmic processor, no 
one has thought it worthwhile 
to implement. By designing 
a computational architecture 
that overcomes this problem 
and efficiently carries out log- 
arithmic addition and subtrac- 
tion, the company has been 
able to demonstrate an overall 
gain in arithmetic performance. 

Mathematics usually repre- 
sents floating-point numbers 
as 8-bit exponents and 23- 
bit mantissas. Using the 
same register space, the 
equivalent logarithmic repre- 
sentation is an 8-bit integer 
part plus a 23-bit fractional 



part. The basic accuracy is 
the same; however, over the 
many repeated cycles that 
characterize computationally 
intensive tasks, accuracy im- 
proves over the floating-point 
case, because the number of 
rounding errors involved at 
each step, which accumulate 
as a calculation proceeds, 
decreases. 

Northern Digital's processor 
uses slightly fewer machine 
cycles to carry out addition and 



subtraction than a convention- 
al IEEE-754 floating-point 
unit. But, whereas a floating- 
point unit might complete a 
single multiplication or division 
in 30 or 40 cycles, the loga- 
rithmic processor needs only 
one. This factor underpins the 
company's assertion that the 

j machine also suits advanced 
DSP and graphics algorithms: 
With a four-stage pipeline, the 
architecture has low latency 
In particular, the company says 
that the design will immediate- 
ly and efficiently run emerging 
and experimental DSP algo- 
rithms without the effort that 
is often necessary to tune 

j their code for a conventional 



floating-point machine. 

The company has built a pro- 
totype in 0.18-micron CMOS, 
and this prototype runs at 1 25 
MHz. It is available on an eval- 
uation board that interfaces to 
a host system through a serial 
interface, which assembler 
software and a mathematical- 
function library backs up. The 
company is also developing a 
C compiler. Northern Digital in- 
tends to operate as both a 
fabless semiconductor com- 
pany and an IP (intellectual- 
property) source. 

—by Graham Prophet, 
EDN Europe 

Northern Digital, www.ncl. 
ac.uk. 



IEEE standardizes SystemVerilog 

The IEEE has recently approved the SystemVerilog hardware-description and - 
verification language as IEEE Standardi 800-2005. EDA-tool users in India, par- 
ticularly those providing design services to clients, see the ratification of this 
standard as a significant development. "SystemVerilog will help speed up veri- 
fication of multimillion-gate designs" says GH Rao, vice president of R&D and 
technology services at HCL Technologies Ltd. "It will also improve the develop- 
ment time of IP [intellectual-propertyl-based designs, such as SOCs [systems 
on chips]. We plan to use SystemVerilog from Cadence for verification by the 
second half of 2006." Rao says that SOC design for multimedia and telecom 
applications needs standardization of system-level simulation and approval. 

"The SystemVerilog standard will provide a great boost to our operations," 
says Ravi Amur, assistant vice president at the business unit of Hitec at 
Satyam Computer Services Ltd. SystemVerilog expands language-based elec- 
tronic design with new and powerful design and verification capabilities 
based on the Verilog-2005 IEEE Standardi 364-2005. Its enhancements in- 
clude the extension of memory-system tasks for complex memory modeling, 
operator overloading for simplified expressions, and tagged unions with pat- 
tern matching for code conciseness and improved formal analysis. 

The main benefits EDA users see from the new standard include improved 
interoperability between EDA tools from different vendors and unification of 
methodology for design and verification. Although agreeing with Rao on the 
design-productivity benefits of SystemVerilog, SN Padmanabhan, vice presi- 
dent of R&D services at MindTree Consulting, cautions, "The design and veri- 
fication teams will have to learn a newer language and methodology if they 
want to leverage its full potential." He feels that standardization by itself will 
guarantee acceptance as a sign-off tool. "Only after many designs [over tech- 
nology nodes such as 180, 130, 90, and 65 nm] are proved will clients be con- 
fident about using this product as a sign-off tool," he says. 

-by Chitra Giridhar, EDN Asia 

HCL Technologies, www.hcltech.com. 

Satyam Computer Services Ltd, www.satyam.com. 

Mindtree Consulting, www.mindtree.com. 
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DMMthatworksliRi 

in the 21 St century 





Agilent 3441 OA digital multimeter 

• > 150x faster reading rate at 6.5 digits* 

• Improved accuracy* 

• Open I/O with LAN (LXI Class C compliant), USB and GPIB 

• WOx more reading storage* 

• Dual display 

Agilent 34411 A digital multimeter 

All of the above plus: 

• 50,000 readings per second at 4.5 digits 

• Analog level, pre- & post-triggering 

• Additional 1M reading memory 

^Compared to Agilent's industry leading 34401 A digit multimeter 



Call a sales engineer who is ready to help 
with your next multimeter purchase. 
U.S. 1-800-829-4444 ext. 5462 
Canada 1-877-894-4414 ext. 5462 



Enter the next generation of digital multimeters, the Agilent 
3441 OA and 3441 1 A DMMs. Take readings at 1 ,000, 1 0,000, 
even 50,000 readings per second. Log data automatically 
and with more reading storage. Detect peak inputs as short 
as 20 pS. View two measurements at once via the dual 
display. Take advantage of expanded measurement ranges. 
Even measure temperature or capacitance. 

Based on years of working closely with our customers, 
these new DMMs are pure Agilent; instruments designed 
to work the way you do. And because they're Agilent, they 
are the only DMMs with a fully open configuration, so you 
can easily integrate them into your workflow, regardless of 
I/O connectivity to your PC. 

To look at all the new features and specs of this next 
generation of multimeters, and to download our new appli- 
cation note, ^ Hints for Making Better Digital Multimeter 
Measurements, go to www.get.agilent.com/dmmcall. 



© Agilent Technologies, Inc. 2006 
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Toshiba MLC NAND leadership provides 
the power to launch today's applications. 

It takes power to launch a successful product in this world of technology migration and 
converging applications. So you need the power of a proven, leading-edge memory solution 
from an industry leader. That's MLC NAND Flash from Toshiba. • With its high density and 
proven reliability, our MLC NAND Flash is enabling today's new applications while 
answering the cost/performance challenges of many consumer designs. For 
your high-density storage needs, Toshiba MLC NAND Flash can help you deliver 
the right solution. • Visit us at mlcnand.toshiba.com and find out how the 
ndustry leadership and design experience offered by Toshiba can give your 
next consumer design its best shot at success. 

mlcnand.toshiba.com 




^ FLASH 150 9001:2000 
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All trademarks and tradenames held within are properties of 
their respective holders. © 2005 Toshiba America Electronic 
Components, Inc. FLSH05102 



TOSHIBA 



DIGITAL DEN 



NEXT-GENERATION 
WIRELESS-LAN 
TECHNOLOGIES 
EXTEND 802.1 IG 
TO DELIVER DVD- 
QUALITY VIDEO. 




MIMO delivers range, 

beam forming delivers video 



With the approach of the 2006 rendition of the 
Consumer Electronics Show (CES), EDN 
decided to take a look at a couple of the lat- 
est WLAN wireless-LAN) technologies that 
purport to carry video. By the time this article 
hits print, CES will have surely featured a spate 
of wireless-video demonstrations. The con- 
sumer-electronics industry is seeking a "no new 
wires" way to move compressed digital- video streams, including HDTV 
streams, around a home. In addition to WLAN approaches, data- over-power- 
line technology and coaxial cable are challengers in this quest. But the 
WLAN arena is by far the most active, so EDN went into the Digital Den 
to see how some state-of-the-art WLAN products might perform in a mul- 
timedia-centric role. And there is improvement afoot. 

As popular as WLAN technology — and more succinctly IEEE 802.1 1, aka 
WiFi — is for data networking in the home and office, many believe it will 
proliferate even more once it starts carrying video in the home. However, 
even though several EDN staffers have been WLAN fans since the 1990s, 
our tests have consistently found that 802.1 1 (in all its alphabet soup of fla- 
vors) comes up short in terms of range and bandwidth. In fact, although we've 
applauded the convenience of WiFi, we've also chronicled the fact that a 
single 802.11 AP (access point) struggles to cover a typical home, even for 



data networking. And for a network to 
carry audio or video streams, the gear 
must perform at a higher level because 
real-time multimedia carriage can't 
happen if the WLAN regularly drops, 
and has to retransmit, packets. 

LAY OF THE LAN 

Nine months ago or so, I converted 
my home WLAN to products from 
Belkin based on Airgo Networks' 
MIMO (multiple- input, multiple-out- 
put) technology. There's some ambigu- 
ity at this point as to exactly what qual- 
ifies as MIMO. (See sidebar "Spatial 
multiplexing and beam forming" and 
Reference 1 for details.) Airgo pio- 
neered a technology called spatial mul- 
tiplexing, which is one form or element 
of MIMO, that essentially sends multi- 
ple data streams through the same RF 
channel simultaneously. The technolo- 
gy turns the normally villainous multi- 
path into an asset, presumably deliver- 
ing greater range and greater band- 
width at a given range. 
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AT A GLANCE 

El The term MIMO (multiple input, 
multiple output) has come to encom- 
pass technologies including spatial 
multiplexing, beam forming, and 
smart antennas. 



El Tests illustrate that multiple avail- 
able products can sufficiently cover 
the home, but data-rate measure- 
ment, especially at greater distances, 
produces varying results. 



El Earlier incarnations of 802.1 1 
could not provide video distribution 
throughout a home, but emerging 
technologies-some destined to be 
part of the official 802.1 1 n spec 
that's in the works-appear ready to 
succeed in that task. 




I've tested a number of products over 
the years, seeking one that offered 
WLAN coverage throughout my modest 
ISOO'Square-foot house and backyard- 
Ironically, the 900'MHz Proxim Sym- 
phony product, operating at a measly 1- 
Mbps rate, handled the chore back in 
1998, but WiFi products failed consis- 
tently over the years- When 2.4'GHz 
802. lib came along, it boosted rates, but 
range went down. Then 5 -GHz 802.1 la 
boosted rates further, with yet another 
reduction in range. Finally, 2.4'GHz 
802.1 Ig products, and proprietary tech- 
nology extensions such as channel 
bonding, began to attack the range issue. 
Still, I had tested products with the lat- 
est chips from Broadcom, Atheros, and 
others, and never found one WiFi AP 
that covered my entire property. 

The MIMO products, which Belkin 
initially branded as Pre-N, finally 
brought me full coverage. Depending on 



whom you believe, the "Pre-N" moniker 
either innocently promises MIMO tech- 
nology today that's similar to what 
may be in the still-under-development 
802. 1 In spec or misleads consumers into 
thinking that they are buying an upgrad- 
able product. 

Regardless, Belkin's products excelled 
where others hadn't. In earlier experi- 
ments, I had moved an AP into a fairly 
central location in my dining room 
rather than putting it in the logical place 
in my office near my cable modem. Yet 
I had still struggled at times to get a reli- 
able signal on the patio outside the liv- 
ing room. And I had never witnessed a 
reliable signal in my son's bedroom in the 
back corner of the house. I hadn't gotten 
around to measuring the data rate of the 
link with the Belkin equipment, but the 
WLAN utility reports "excellent signal 
strength" everywhere that I've used it. 



And I even tucked the Belkin router 
under my desk in my office. 

NEW NOISE 

Enter Ruckus Wireless (formerly. 
Video 54)- A few months back. Ruckus 
briefed me on its new MIMO technolo- 
gy — in this case, a beam-forming 
approach branded BeamFlex (Reference 
2). Ruckus doesn't build 802.11 chips, 
but rather sells a smart, multiantenna- 
element front end that dynamically sets 
antenna configuration and signal paths 
between sender and receiver to avoid 
interference. Ruckus also claims to aug- 
ment the MAC (media-access-con- 
troller) layer with a software stack, called 
SmartCast, that improves multimedia 
streaming relative to what's in 802.1 Ig 
and arguably even to what's planned for 
802.1 In. 

Ruckus sent me a pair of products: the 
MF2900 AP and the MF2501 set-top 
adapter. The company probably won't 
sell this pair at retail, hoping a consumer- 
electronics company or service provider 
such as a cable company will do so. 
Ruckus estimates prices of $169 for the 
AP and $129 for the client. The com- 
pany bases the products on an Atheros 
chip set. 

I decided to test the Ruckus products 



DEPENDING ON WHOM YOU BEUEVE, THE "PRE-N" 
MONIKER EITHER INNOCENTLY PROMISES MIMO TECH- 
NOLOGY TODAY THAT'S SIMILAR TO WHAT MAY BE IN 
THE STILL-UNDER-DEVELOPMENT 802.1 1 N SPEC OR 
MISLEADS CONSUMERS INTO THINKING THAT THEY 
ARE BUYING AN UPGRADABLE PRODUCT. 
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and also go back and fully evaluate the 
Belkin products. I connected the Ruck- 
us AP to a 3 'GHz Pentium 4 system that 
I located in my dining room, adjacent to 
where I'd always performed WLAN-per- 
formance tests over the years- I con- 
nected the Ruckus client to my l-GHz 
Pentium 3 notebook. Fairly quickly, I 
found that the Ruckus products covered 
my home just as well as the Belkin prod- 
ucts, so I set about to measure data rates. 

Many software utilities and other 
methods exist to measure rates. I relied on 
a stopwatch and a Windows file transfer 
for my tests, as I have for all of the WLAN 
testing that I've done over the years. 

With client and AP adjacent, I meas- 
ured a maximum data rate of 1 7.8 Mbps. 
But I ran every test multiple times and 
the results varied, with one heat coming 
in at 11.9 Mbps. I suspect that the vari- 
ation is due to interference over which I 
had no control. I do know that two other 
neighbors have WLANs than I can 
detect from my dining room. 

I next went back to my son's bedroom. 
The distance is around 50 ft, although 
one never knows how the signal actual- 
ly travels, whether it's through the walls, 
bouncing off them on its way down the 
hall, or the like. I was surprised to meas- 
ure rates as high as 16.7 Mbps in that 
location and never saw a rate as low as the 
minimum rate that I measured with the 
units adjacent. 

Ruckus suggested that I try to add noise 
to the equation by using a microwave 
oven. I placed one right next to the AP 
and set it to work boiling water. I did not 
witness maximum or minimum perform- 
ance with the microwave running, but I 
also could not discern for sure whether 
this fact was due to the microwave or sim- 
ply the above-mentioned variation. 

Trying to further challenge the Ruck- 
us technology, I took the client outside 
onto my patio, where I consistently 




New WLAN products from Ruckus Wireless employ a beam-forming approach 
called BeamFlex, along with a MAC (media access controller) embellishment 
called SmartCast, to provide solid multimedia delivery. 



measured rates around 11 Mbps. The 
range was about 60 to 70 ft, although the 
signal path may have been clearer than 
the one to the bedroom. Next, I took the 
client to the far side of my house on the 
property line (about 80 ft), where the sig- 
nal almost surely passed through a stuc- 
co wall. There, I measured rates around 
9.7 Mbps. The variation in multiple tests 
became smaller as the data rate dropped. 

VIDEO FLIGHTS 

To test video transmission. Ruckus 
supplied VLC Media Player, an open- 
source-software package from VideoLan 
that you can use to stream video from 
one PC and decode and play it on anoth- 



TRYING TO FURTHER CHALLENGE THE RUCKUS 
TECHNOLOGY, I TOOK THE CLIENT OUTSIDE ONTO 
MY PATIO, WHERE I CONSISTENTLY MEASURED RATES 
AROUND 1 1 MBPS. 



er. The company also sent a clip of the 
movie Monsters, Inc., stored in the DVD 
MPEG-2 format. 

I tested streaming all around the house 
and yard and never witnessed anything 
but perfect playback. The microwave had 
no adverse effect. Following a Ruckus 
suggestion — that I try a file transfer and 
a video stream at the same time — I found 
that video played undisturbed during the 
file transfer. Moreover, I measured sur- 
prisingly fast data transfers at the same 
time: 10.1 Mbps with the systems adja- 
cent and 7.3 Mbps with the client out- 
side my house on the property line. 

Thoroughly impressed, I turned back 
to the Belkin products. I connected the 
router directly to the Pentium 3 desktop 
so that it was no longer connected to my 
home LAN. And I put the Belkin PC 
Card in my notebook. With the systems 
adjacent, I measured rates as fast as 18.8 
Mbps, slightly better than the Ruckus 
performance. Again I witnessed random 
variation in repetitive tests, with rates 
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dropping as low as 12.9 Mbps- 

When I tested the Belkin products at 
greater distances, however, they did not 
perform to the Ruckus leveL I measured 
rates in the 13'Mbps range in my son's 
room and in the 8-Mbps range at my 
property line, still perfectly acceptable for 
data networking. 

I also used the VLC software to see 
how the Belkin products stacked up in 
video streaming. But even with the sys- 
tems adjacent to one another, I never 
witnessed perfect video on the client. 
The playback suffered from dropped 
frames and occasional blocking artifacts. 
Apparently there is something to the 
SmartCast software. The Airgo-based 
Belkin Pre-N products also include an 
optional QOS (quality-of-service) fea- 
ture that is an extension to 802. llg for 
multimedia, but the Belkin products that 
I tested can't match the Ruckus on video 
right now. In fairness, however, a second- 
generation Airgo chip set is available in 
products already, and the company has 
also announced a third-generation IC. 



CONCLUSIONS 

I had hoped to test the Ruckus link 
with a high-definition video stream. 
Unfortunately, I couldn't locate HD con- 
tent that the VLC software could han- 
dle before I ran out of time. When I get 
a chance to perform that test I will offer 
an update on our Web site. 

For reference, I also tested the data 
transfer over a wired Ethernet link. With 
a 100-Mbps Ethernet switch between the 
two systems, I measured rates as fast as 
79.6 Mbps. Clearly, WLANs still have 
some catching up to do. Belkin advertises 
its products as capable of 108-Mbps rates, 
and Ruckus highlights the 54-'Mbps 
802.1 Ig spec. 

For now, I'm sticking with the Belkin 
products for everyday use; the Ruckus 
client is a bit unwieldy because it's not 
in a PC Card form factor. By calling it a 
"set-top adapter," Ruckus clearly intends 
the device to be a living-room product, 
and in that setting, the form factor is fine. 
Beyond that, it will surely be easier for 
the company to integrate the technolo- 



' gy's six antennal elements into a note- 
book lid than into a PC Card. 

In 2000 I predicted that WLANs 
would eventually become the A/V net- 
work of choice. Subsequently, perform- 
ance issues with 802. 1 1 forced me to flip- 
flop and instead pronounce that 
WLANs would never deliver the need- 
ed bandwidth over range. Today, I'm 
again ready to believe that 802.1 In 
might handle whole-house video. EDN 
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SPATIAL MULTIPLEXING AND 
BEAM FORMING 



No sooner had we heard the term Ml MO (multiple input, multiple out- 
put) than it took on multiple meanings. 

The term arose out of research at Stanford University, which Airgo 
Networks was first to commercialize. But as soon as Ml MO became a 
hot term, purveyors of different types of technology latched on as well. 
Atheros was among the first to use the label on a product that simply 
had multiple antennas. 

In any event, the ambiguous usage has now led to more descriptive 
technology labels, such as "spatial multiplexing" and "beam forming." 
Airgo is now using the brand True MIMO to separate the spatial-multi- 
plexing technology that it offers from other technologies that are also 
being called MIMO. 

In spatial multiplexing, multiple signal paths between transmitter and 
receiver exist simultaneously in the same frequency band, enabled by 
antenna diversity. This is the technology that will be mandated in the 
next-generation IEEE 802.1 In specification now under development. 

But don't dismiss other technologies, such as smart antennas or beam 
forming, as unimportant. Also called MIMO by some, beam forming can 
further extend bandwidth over range in spatial-multiplexed wireless 
LANs. But beam forming will likely be an implementation choice in 
802.1 In products, as opposed to a requirement. 
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JRarely Asked Questions 



It^s easy to drive an EE to drink — but what 
drives one to poetry? 

Q. My SPICE simulation worked perfectly, but now I've a 
large production batch which doesn't meet its specification. 



A. Analog circuit simulation is 
one of the nnost valuable tools 
that has ennerged over the last 
two decades, and nny connpany 
offers an innpressive array of 
SPICE models to aid circuit 
designers. But simulation is not 
real life. SPICE models rarely 
emulate all the second- and third- 
order effects which make analog 
circuit design so challenging. 

It is critically important to build, 
and exhaustively test, hardware 
versions of your analog designs, 
not just run interminable simulations. 

At high frequency, and with very high pre- 
cision designs, it is even important to make 
the prototype as similar to the final produc- 
tion layout as is possible, because parasitic 
inductance and capacitance from the print- 
ed circuit board can have a substantial 
effect on HE performance and cause big dif- 
ferences between the simulation, the bread- 
board and the final production version. 

Designs in their hundreds at Analog 

hang in the air, 
Ideas from the Valley, ideas from the 

timid or bold, 
Designs that are pearls and designs that 

are rubbish are there. 
And there with the rest are designs that 

will never be old. 

There's circuits from everywhere that 

triple Es may reside. 
And many to count are the abstract and 

many of use. 
And many that seem so attractive they 

can't be denied. 
But few that perform when you build 'em 

and turn on the juice. 




I wish one could know them, I wish there 

were tokens to tell 
Those fortunate circuits that work when 

you turn on the power; 
And then one could publish them freely 

and not strike a knell 
For our firm's reputation for circuit ideas 

that inspire. 

But now you may stare as you like but 

you cannot devise 
Infallible ways to ensure that success be 

foretold; 

They send to the ceiling the smoke of 

untimely demise 
Designs that will die on their bread- 
boards and never be old. 

(With apologies to A. E. Houseman) 

This is a parody of one of the poems (XXIII) 
in Houseman's "A Shropshire Lad." 

simulation, Go to: 
http://rbi.ims.ca/4911-501 ^ 
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The number of options for choosing the best 
processor for embedded-system designs con- 
tinues to increase- In addition to micro- 
processors, microcontrollers, and DSPs (dig- 
ital-signal processors), several unified micro- 
processors from companies such as Analog 
Devices, Infineon, Microchip, and Freescale 
have also emerged (Reference 1). These 
software-programmable devices offer uni- 
fied-processor architectures that combine 
features of microcontrollers and DSPs to better mix control 
and signal processing in a single instruction engine- More 
recently, new silicon products and more mature tools are 
available to embedded-system designers to better harness the 
power of programmable logic as custom accelerators of soft- 
ware algorithms for signal processing (references 2 and 3). 

The increasing incorporation of digital-signal processing 
in electronic applications has led over the years to a number 
of claims and predictions by competing semiconductor 
providers- One claim is that, for applications with high com- 
putational loads, FPGAs are better than DSPs for digital-sig- 
nal processing and that designers can eliminate the need for 
DSPs in their designs by adding processor cores in the FPGA. 
A similar claim for applications that require some signal pro- 
cessing states that a microprocessor architecture that incor- 
porates integrated digital- signal-processing extensions can 
replace DSPs- 

Claims such as these could suggest that FPGAs are 
encroaching on the domain of DSPs from the computation- 
al high end and hybrid microprocessors from the computa- 
tional low end- However, the replacement of DSPs in em- 
bedded-system designs by FPGAs and unified microproces- 
sors is analogous to the bid of 3 2 -bit processors to replace 8- 
bit processors. In other words, embedded-system designs are 

PROCESSING 
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AT A GLANCE 

El The requirements for consumer 
applications are driving the adoption 
of mixed-processing designs. 



El Each processor option addresses 
a different sweet spot in the range of 
processing requirements. 



El Software implemented as hard- 
ware is a growing opportunity for 
designers. 



El Tools supporting mixed-process- 
ing designs need to preserve and 
incrementally evolve the program- 
ming model. 



not eliminating the use of DSPs; for 
analogous reasons, 8- or even 4'bit pro- 
cessors have not become extinct- In 
fact, the message among semiconductor 
vendors has been making an important 
shift over the previous year or two from 



a position of compete and replace to a 
stance of coexist and complement- This 
recent shift is most visible among sup- 
pliers of DSPs and FPGAs. 

Semiconductor vendors were late in 
realizing this shift in distinction; their 
customers understood all along. Different 
processing architectures best suit different 
design constraints- As high-volume con- 
sumer applications continue to incorpo- 
rate new features and converge multiple 
functions into the same end system, 
designs are employing a mixture of pro- 
cessing architectures in various topolo- 
gies. A possible positive outcome of this 
shift from a compete to a complement 
stance is the eventual availability of 
development and debugging tools that 
better simultaneously support mixed-pro- 
cessing options in the same tool. 

By mixing heterogeneous processing 
architectures in the same design, devel- 
opers can lower the system cost, power 
consumption, design complexity, and 
time to market. A mixed topology can 



also afford a development team a simpler 
maintenance environment that supports 
a shorter development time between iter- 
ative and derivative design cycles. This 
situation is possible because each type of 
processing architecture supports a differ- 
ent sweet spot in the spectrum of pro- 
cessing requirements (see sidebar "Pro- 
cessing sweet spots"). 

SWEET SPOTS 

General-purpose microprocessors trade 
off cost and power efficiency to maximize 
and deliver high processing performance 
and the most flexibility of all the proces- 
sor architectures. To achieve the highest 
processing performance in the face of 
uncertain processing behavior, micro- 
processors often employ additional com- 
plexity in their circuitry to offset the 
impact of unpredictable changes. This 
additional circuit complexity can take the 
form of superscalar architectures with 
deep pipelines, multiple levels of on- and 
off-chip cache memory, branch-predic- 




PROCESSING SWEET SPOTS 



Each type of processing 
architecture fits a sweet 
spot from the total range 
of processing complexity 
(Figure A). All of the 
sweet spots overlap other 
sweet spots to provide 
full coverage of the pos- 
sible processing scenar- 
ios. The assumption is 
that, if the field of possi- 
bility contains any uncov- 
ered space, an alternative 
specialized architecture 
would exist. As applica- 
tion requirements further 
push the processing 
requirements on the right 
of the processing spec- 
trum of the computation- 
al load, you see the intro- 
duction of unified and 
then mixed-processing 
topologies. 

In looking at how to 
evaluate software com- 
plexity, this article identi- 
fies four measurements 
of processing. The com- 



putational load is a mea- 
sure of the number of 
repetitive computations 
the application needs to 
perform over a period of 
time. With the computa- 
tional load, the control 
processing for the com- 
putations helps indicate 
when a multistate algo- 
rithm would become too 
large as a pure hardware 
implementation. This arti- 
cle uses these two meas- 
urements as the primary 
axes for mapping the 
processor sweet spots. 

Application processing 
is analogous to computa- 
tional load; however, the 
code does not repeat 
consistently and pre- 
dictably. Application pro- 
cessing is code that 
would not lend itself to a 
parallel implementation. 
Last is the measure of 
the system's response 
requirements. Of most 



Figure A A conceptual mapping shows how the sweet spots of 
processing architectures can complement each other to cover 
the range of an application's processing requirements (assis- 
tance from Gary Banta, chief executive officer of Stretch). 



interest are the response 
requirements for real- 
time systems. This meas- 
ure helps identify when 
the timing uncertainty in 
program execution-pos- 
sibly from the operating 



system or from using a 
cache-would exceed an 
application's response 
requirements. It also 
helps identify the key 
application requirements 
that microcontrollers fill. 
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14-Bit, 190 MSPS ADC 

Speed and Performance 



Device 


Resolution 


Speed 


SNR 


SFDR 


ADS5546 


14 Bits 


190 MSPS 


73.2 dBFS at 70 MHz IF 


84 dBc at 70 MHz IF 


ADS5545 


14 Bits 


170 MSPS 


73.5 dBFS at 70 MHz IF 


85 dBc at 70 MHz IF 


ADS5444 


13 Bits 


250 MSPS 


68.6 dBFS at 230 MHz IF 


78 dBc at 230 MHz IF 


ADS5440 


13 Bits 


210 MSPS 


69.1 dBFS at 230 MHz IF 


79 dBc at 230 MHz IF 



The new high-performance, low-power ADS5546 ADC fronn Texas Instruments features 1.1W total 
power consumption in an ultra-small, 7mm x 7mm QFN package. It supports both high SNR and 
SFDR at high input frequencies and offers unprecedented interface flexibility with user-selectable 
CMOS or DDR LVDS outputs. The ADS5546 is ideal for demanding applications such as wireless 
communications, video, imaging, instrumentation, test and measurement. 

High Performance. Analog. Texas Instruments. 

For datasheets, samples and 





tion logic, multiple-instruction- issue en- 
gines, out-of-order execution, and spec- 
ulative execution. 

To maintain the highest level of flexi- 
bility, microprocessors rely on external 
memory, devices, and controllers to inter- 
act with the real world- They can run 
large, complex operating systems and 
receive support from a mature develop- 
ment-tool infrastructure that enables sig- 
nificant reuse of legacy software- Micro- 
processor-based systems are ideal for quick 
and dirty rapid prototyping and proof- 
of-concept exploration in which cost, 
power consumption, and system size can 
take a back seat to a shorter development 
cycle- An example of this situation is evi- 
dent in the choice of processors for most 
of the entries in the DARPA (Defense 
Advanced Research Products Agency) 
Grand Challenge (Reference 4)- 

The processing sweet spot for general- 
purpose microprocessors is to support sys- 
tems that exhibit high uncertainty in pro- 
cessing behavior and loads, such as when 
executing, managing, and multitasking 
disparate processing threads over the same 
processor resources- Desktop and hand- 
held computers are common examples of 
these systems- The flexibility of micro- 
processors enables them to most easily 
support the development of user interfaces 
and high-level application code- 
Microprocessors are available commer- 
cially in dozens of configurations- Com- 
mon microprocessor architectures include 
x86, ARM, MIPS, and PowerPC, and 
each architecture can rely on support from 
a number of suppliers- In contrast, micro- 
controllers are available as dozens of archi- 
tectures and in device configurations that 
number in the thousands- (Reference 5 
lists dozens of microcontroller suppliers 
and the devices they offer-) 

Microcontrollers are specialized pro- 
cessors that trade away the flexibility and 
general processing performance of micro- 
processors to gain an advantage in cost 
and power efficiency- They accomplish 
this feat by delivering single device con- 
figurations that optimize on-chip re- 
sources to best meet the needs of their 
target applications- Each device inte- 
grates a processor core with on-chip mem- 
ory, timers, I/O lines, and appropriate 
peripherals and device controllers- Ex- 
amples of on-chip peripherals include 
ADCs; DACs; PWMs; and serial-com- 



RTOSs have fewer features than 
microprocessor operating systems, 
so they can better support deter- 
ministic system operation- 




munication interfaces, such as PC, SPI, 
and UARTs- In general, microcon- 
trollers are self-contained processing and 
control systems that require significant- 
ly fewer external components than micro- 
processors to operate - 

Microcontroller suppliers differentiate 
their products through features such as pro- 
cessing performance, integrated peripher- 
al sets, on-chip memories, memory man- 
agement, packaging options, power man- 
agement, and development support- A sin- 
gle microcontroller family often compris- 
es many similar and derivative configura- 
tions that offer designers a range of prices 
for varying amounts of processing and on- 
chip-resource support- Microcontrollers 
are more cost-efficient but less flexible 
than general-purpose microprocessors be- 
cause they optimize board space, code size, 
and power dissipation for their target 
embedded-system applications- 

Another difference between micro- 
controllers and microprocessors is the 
level of abstraction of the available re- 
sources they present to designers to bet- 
ter meet the constraints of real-time pro- 
cessing- Whereas designers using micro- 
processors usually rely on richly featured 
operating systems to abstract and manage 
the peripheral resources, designers using 
microcontrollers access the on-chip 
peripheral and controller resources di- 
rectly or through homespun or commer- 
cially available RTOSs- RTOSs have 
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fewer features than microprocessor oper- 
ating systems, so they can better support 
deterministic system operation- 

The processing sweet spots for micro- 
controllers are systems that need to be 
able to deterministically respond to exter- 
nal real-world events, such as for 
machine and motor control, with tight 
latency tolerances- Microcontrollers are 
capable of rapid, frequent, and prioritized 
context switching- Many employ spe- 
cialized hardware- interrupt processing 
that enables the system to sense and react 
to external events within a few clock 
cycles to provide a small and determinis- 
tic response window appropriate for real- 
time control applications- This fast, deter- 
ministic interrupt-response capability 
contrasts with the slower and less deter- 
ministic interrupt system of the micro- 
processor, which may route interrupt han- 
dling through the operating system- 
Multiprocessor designs offer another 
emerging sweet spot for microcontrollers- 
Small microcontrollers, such as 8-bit de- 
vices, can operate at the lowest power 
consumption of all the processor options- 
These devices are capable of deep-sleep 
modes that draw extremely low current, 
and they can wake themselves up based 
on an external event or an elapsed time- 
This ability makes them ideal for han- 
dling periodic tasks, including health 
monitoring and system-bring-up se- 
quencing, for systems with aggressive 
power-consumption targets or that ex- 
hibit long periods of idleness- In this case, 
the small microcontroller can offload 
these periodic or simple tasks from a larg- 
er or more complex processor that would 
consume more power to perform the tasks- 
Similar to microcontrollers, DSPs are 
specialized processors that trade off the 
flexibility and general processing per- 
formance of microprocessors to gain an 
advantage in cost and power efficiency- 
However, DSPs differ from microcon- 
trollers because they sacrifice strength at 
multitasking or handling context switch- 
ing for optimizing the on-chip resources 
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Enhance Digital Processor Power Management 
with Dynamic Voltage Scaling (DVS) 



LM3370 Dual Buck Regulator Provides Highest Efficiency for FPGAs and Multimedia Processors 



Automatic PFM-PWM mode switching 
provides high efficiency at all loads 

ENABLE 1 



SDA 



I2C DVS interface scales power to 
match processor clock frequency 




SOL 



ENABLE 2 



Lowest Iq (<20 pA) 
extends battery life 



/iN = 2.7Vto 5.5V 



LM3370 



Buckl 



I^C Interface 



Buck 2 



2 MHz operation enables smaller external 
components and minimizes footprint 

^ VoutI = 0.8V to 2V 



T 



Up to 600 mA 



-►POR (Buckl) 



Power-on-reset prevents 
fault condition in processors 



-►PGR (Buck 2) 



_nnnrL 



^ Vout2 = 1 .8V to 3.3V 

X Up to 600 mA 



X 

Spread spectrum reduces noise 
(ideal for RF systems) 



Ideal for low-power FPGAs, CPLDs, 
and application processors 
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online design tools, visit us today at: 
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Or call 1-800-272-9959 
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Because of the general availability 
of licensable or integrated acceler- 
ators, they will decreaslngly be a 
source of differentiation for a design 



to support continuous and extensive com- 
putational processing on a stream of data 
in real time- 
DSPs support fractional-number types, 
and they employ specialized address gen- 
eration for arrays, circular buffers, and bit- 
reversed algorithms. Their multiple bus 
and memory structures enable simulta- 
neous memory operations that support 
single-cycle MAC (multiply-accumulate) 
execution. Their specialized registers 
minimize memory accesses and enable 
zero-overhead looping. The specialized 
structures that DSPs employ keep the 
computational units fed with new real- 
time data. The structures a DSP archi- 
tecture employs depend on the target 
application. (Reference 6 lists DSP sup- 
pliers and the devices they offer.) 

DSPs differentiate themselves by their 
sustainable computational performance, 
code density, power consumption, and 
development support. Unlike with micro- 
processors and microcontrollers, signal- 
processing developers' focus on computa- 
tional efficiency and on minimizing the 
amount of context switching in signal- 
processing applications leads to little or no 
need for RTOS support. Contemporary 
DSP architectures employ orthogonal- 
instruction-set architectures that enable 
efficient compiler support for most signal- 
processing code. 

The processing sweet spot for DSPs is 
in delivering high and continuous com- 
putational performance at the lowest cost 
and power consumption. The upper limit 
of this sweet spot increasingly overlaps 
with FPGAs, except for highly computa- 
tional algorithms that include a high level 
of computational control complexity. 
VOIP (voice over Internet Protocol) is an 
example of a computationally intensive 
algorithm that does not work well as an 
FPGA-only implementation, because 
the domain-specific knowledge for com- 
pressing VOIP data exhibits too many 
computational control states and deci- 
sions. In the VOIP case, the algorithm 
implements more cost-effectively as soft- 
ware. The lower limit of this sweet spot 
overlaps with processors containing uni- 
fied architectures that combine control 
and signal-processing structures in a sin- 
gle instruction engine. 

Unified-processor architectures are 
closer to microcontrollers and DSPs than 
they are to microprocessors. Within a sin- 



gle instruction engine, they either extend 
microcontroller architectures to add sup- 
port for signal processing, or they incor- 
porate circuitry to handle control logic to 
DSP architectures. Unified-processor 
architectures often support running an 
RTOS. They are less optimized and spe- 
cialized than microcontrollers or DSPs, 
because they must include extra circuit- 
ry to bridge the disparate behavior of con- 
trol and computational processing. 
Because the same instruction engine does 
the control and signal processing, it may 
be easier to more tightly couple the shared 
data between the two processes. 

The sweet spots for unified-processor 
architectures are systems with light con- 
trol or signal-processing requirements, 
because they can alleviate the need for 
two heterogeneous processors within the 
design — lowering the system bill of mate- 
rials. An advantage of using unified 
processors in a multiprocessor design is 
that, even if you partition the processing 
between the processors as control and 
signal processing, the designers of both 
processors are using the same tools; it may 
be possible to host and port code devel- 
oped for one processor in the system to 
the other processor with minimal impact 
on the development effort. 

SOFTWARE AS HARDWARE 

Another way to bring processing per- 
formance into a design at lower cost or 
power consumption is by employing 
application-specific hardware accelerators 
and coprocessors. Such accelerators may 
be available as discrete devices or as 
stand-alone IP (intellectual property) 
that an FPGA can host. If an accelerator 
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has proved useful for high-volume appli- 
cations, a processor supplier may integrate 
it into some of its processor devices; for 
example, a Texas Instruments DSP inte- 
grates the hardware accelerator for the 
Viterbi decoder. Because of the general 
availability of licensable or integrated 
accelerators, they will decreasingly be a 
source of differentiation for a design. The 
value in these accelerators is that they 
offer the opportunity to offload process- 
ing capacity to add differentiating features 
to a system or to reduce the system cost 
or power consumption. 

Last year saw an explosion in the num- 
ber of tools publicly available to assist 
developers wanting to accelerate an algo- 
rithm in a hardware implementation (ref^ 
erences 2 and 3). These tools are note- 
worthy because they enable designers to 
more easily create custom accelerators or 
instruction-set extensions. The ability to 
create custom accelerators can be a longer 
lasting differentiation, because the accel- 
eration is generally unavailable to the 
public and may not become a commodi- 
ty capability as quickly as generally avail- 
able acceleration IP. 

In most cases, these tools target the 
software-to-hardware implementation to 
an FPGA. The variety of methods for 
translating from models, source code, and, 
in the case of Criticalblue, object code to 
a hardware implementation suggests that 
industry participants will in the coming 
years expend much energy on this form 
of increasing processing performance. 
Some of these implementations are fixed- 
function RTL blocks, and others target a 
proprietary processor block that the tool 
configures to optimize the function per- 
formance. 

The compiler tool from Stretch differs 
from the other tools because it targets the 
acceleration to its mixed-processor de- 
vice, which combines in a single device 
a processor core with a tightly coupled, 
programmable fabric that is integrated 
with the processor pipeline. One goal of 
the compiler tool is to abstract the pro- 
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SOT-23 Synchronous Constant-on-Time 
Switching Controller 



High-Efficiency LM1770 Synchronous Controller for Low-Voltage DC-DC Conversion 



Application Circuit 



Transient Response 



2.8 to 5.5V 












Complementary 
Drivers 



-^f OV,N 



Output ^ 
voltage: - 
100 mV/div 



^ A Load step:] 

lA/div \ 



Dov 



Down to 0.8V 



Synchronous operation 
enables higher efficiency 



No external compensation required 




Shown at actual size: 
0.7 inches x 0.68 inches 



The LM1770 is simple to use and provides higher 
efficiency than LDOs. 



Ideal for point-of-Ioad regulation in consumer 
applications, set-top boxes, cable modems, 
digital video recorders, printers, servers, and 
point-of-sale terminals 



For FREE samples, datasheets, 
I Power Designer, and more information 
Hj on the LM1770, contact us today at 

Or call 1-800-272-9959 
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Plug-and-Play 
Switching 



Use USB to configure a 
high-density switch system 
in minutes. 

National Instruments offers more than 100 
PXI and SCXI switch configurations and 
Nl Switch Executive switch management 
software for creating integrated, high- 
density, plug-and-play switching systems. 



Matrix 


Up to a 4 by 2176 matrix 
per chassis 


Multiplexer 


Up to a 3332 by 1 
multiplexer per chassis 


General Purpose 


Up to 300 V, 12 A 


RF 


500 MHz to 4 GHz 


Nl Switch Executive 
Software 


Interactive switch 
management and routing 




To see a switch system configured in 
two minutes, visit ni.com/switches. 

(800) 891 8841 
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grammable logic so that the designer can 
focus on the algorithm and function 
rather than the implementation. Expect 
to see a resurgence of mixed-processor 
devices that integrate both a processor 
core and an FPGA, most likely with anal- 
ogous tools to automate the translation of 
software to hardware- 

Linking an FPGA containing an accel- 
erator or coprocessor with a host proces- 
sor or a DSP is becoming more common 
in high-performance consumer applica- 
tions- The falling cost of FPGAs is 
enabling designers to lower overall design 
cost and power consumption by offload- 
ing the heavy-lifting computations to the 
FPGA and allowing designers to use a less 
powerful host processor or DSP The drop 
in overall power consumption is possible 
for applications that can take advantage 
of the extreme parallelism that an FPGA 
affords — especially if the FPGA imple- 
mentation allows the system to use a sig- 
nificantly lower clock rate than it would 
with a higher performance processor. 

Algorithms that exhibit significant par- 
allelism or that you can pipeline to meet 
tight timing constraints are the process- 
ing sweet spots for an FPGA used as a co- 
processor to a host processor or DSP 
However, in general, the FPGA cannot 
efficiently replace the entire host proces- 
sor or DSP from a cost and power per- 
spective, especially in systems that exhib- 
it complex control structures. Recogniz- 
ing this situation, FPGA suppliers offer 
proprietary processor cores that the FPGA 
can host. The tools from the FPGA ven- 
dors support configuring the processor 
core with standard peripherals as well as 
loosely or tightly coupling a design's cus- 
tom accelerators with the processor core. 
In short, the tools are making it easier for 
designers to use the FPGAs as low- volume 
SOC (system-on-chip) substitutes. 

CHALLENGES 

Challenges remain for designers who 
need to employ a mix of these processing 
options in their designs. A challenge for 
the tools that will support mixed-pro- 
cessing designs is how to preserve the pro- 
gramming model and allow designers to 
exploit the available parallelism. Main- 
taining a high level of productivity of the 
development team is essential for the 
adoption of these mixed-processing 
options and the tools that support them. 
It is not uncommon for a design team to 



exclude candidate processor architectures 
from consideration because the team 
lacks experience with the development 
tools that support them. 

A company's legacy code represents a 
significant amount of engineering and 
number of lessons learned about the 
design. Unless the design team is willing 
to rewrite the application code from 
scratch, the legacy code will need a repar- 
titioning effort to exploit the available 
parallelism; however, this effort may be 
unable to yield clean and natural breaks. 
Poor repartitioning is analogous to poor 
data- structure implementation; a data 
structure that does not naturally and 
cleanly capture and represent the appli- 
cation requirements leads to troublesome 
coding and debugging sessions. 

Key to preserving the productivity of 
developers with legacy code and adopt- 
ing mixed-processing designs is more 
mature compiler controls. Unless the 
compiler has full visibility of all of the sys- 
tem resources, it has to make conserva- 
tive assumptions about resource alloca- 
tion and usage. To improve compiler per- 
formance, new skills are likely to evolve 
that allow developers to tighten and 
loosen rules and assumptions that the 
compiler uses to improve its ability to 
generate good results from legacy code. 

The trend is toward processor suppli- 
ers' continuing to provide vertically tar- 
geted devices. These devices will inte- 
grate an appropriate set of processor re- 
sources, hardware accelerators, and pro- 
grammable logic for target applications, 
but such devices will exist only for high- 
volume applications. For all the other 
applications, designers will have to put 
together their own mixed-processing con- 
figurations. It is becoming clear that using 
distributed- and multiple-processor top- 
ologies is the way to continue the relent- 
less push for more processing perform- 
ance. The challenge for today's tool pro- 
viders is to create ways to better en- 
capsulate tasks and implement support for 
mixed-processor configurations.EDN 
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ADg707: 14-bit TxDAC® data converter 

75 dBc SFDR at 40 MHz (175 MSPS, 3.3 V supply) 
71 dBc SFDR at 15 MHz (80 MSPS, 1 .8 V supply) 
8-/1 0-/1 2-/1 4-bit pin-compatible family 
Flexible supply range: 1 .7 V to 3.6 V 
Power dissipation: 

55 mW, 175 MSPS, 3.3 V 
12 mW, 80 MSPS, 1.8 V 
5 mW, sleep mode, 3.3 V 

32-lead LFCSP and 28-lead TSSOP packaging 
Pricing from $6.95 @ Ik ($U.S.) 



Enabling low power applications 

• Battery-powered instruments 

• Broadband infrastructure 

• Medical instruments 

• Wireless local loop 



BEST-IN-CLASS POWER AND SPEED 


LOWER POWER 




Competitors 
ISOmW to 190mW 

175MSPS, 3.3V 


► B 

AD9707 

55mW 

175MSPS, 3.3V 


FASTER UPDATES 




if ►H 

Competitors 
30MSPS to 40MSPS 

20mWto25mW, 1.8V 


► G 

AD9707 
80MSPS 
12mW, 1.8V 



Leading TxDAC performance on 80% less power 

From base stations to battery-powered instruments, no other 
low power transmit DAC matches the performance of ADI's newest 
TxDAC converter. The AD9707 and its pin-compatible family of 
low power transmit DACs offer: 

• Superior dynamic performance that supports 1 .8 V system 
supply design 

• Higher level of on-chip integration and programmability 
including on-board Rload. Rset. and Vref 

• Third generation TxDAC legacy pinout for easy 
system upgrade 

See what higher performance, lower power, 
and greater ease-of-use can do for your 
transmit design. 

For samples and datasheets on the AD9707 
DAC and compatible amplifiers (such as the 
AD8099 and AD8021), visit our website. 



analog is everywhere: 



www.analog.com/TxDAC 



□ ANALOG 
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PRECISE POWER MANAGEMENT. 

ITTAKESTHE PAIN OUT OF DESIGNING LOW-POWER ICs 

Increasing feature, function and processing requirements make it harder 
than ever to manage power consumption in personal electronics, wireless and 
handheld devices. A design system that concurrently analyzes and optimizes 
your IC for power, timing, area, signal integrity and yield is what you need. 
And that's what Magma provides. Blast Power^'^and Blast Rair'^NX facilitate 
significant power reductions throughout the flow, enabling you to complete 
low-power chips faster. Your design will blow the socks off your competitors' 
chips but won't blow your power budget, or your schedule. 

For more on how Magma lets you get the most out of your chips with 
just the right amount of power, visit www.magma-da.com/4LowPower. Find 
out why the world's top chip companies rely on Magma software to design their 
most critical ICs. 



MAGMA. 
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TPS79918 RF LDO Supports Migration to 
StrataFlash® Embedded Memory (P30) 

By Michael Day • Power Management Products/Portable Power DC/DC Applications 
Introduction 

The Texas Instruments TPS79918 low dropout linear regulator 
(LDO) provides the required performance to power Intel's 
new StrataFlash P30 Embedded Memory. Intel is migrating 
from their 3rd generation 180nm StrataFlash Embedded 
Memory (J3) to their 4th generation 130nm StrataFlash 
Embedded Memory (P30). This migration from J3 memory 
to the P30 memory allows systems to operate at a lower 
overall current consumption because the P30 Vcc voltage 
requirement has dropped to 1.8 V. Intel Application Note 
AP812 (document number 306667 Rev 2) recommends 
using a low dropout linear regulator (LDO) to provide the 
new 1.8 V voltage rail. 




Featured in the latest on-line issue 

• Operating multiple oversampling data 
converters 

• Getting the most out of your 
instrumentation amplifier design 

• Li-Ion switching charger integrates power FETs 

• Low power, high intercept interface to the ADS5424 
14-bit 105MSPS converter for undersampling applications 

• TLC5940 DOT Correction Compensates for Variations 
in LED Brightness 

• Download your copy now at www.ti.com/aaj 



TPS79918 Features 

The TPS79918 LDO offers exceptional electrical performance 
in a small package. It provides a high power-supply rejection 
ratio (PSRR) greater than 66 dB, low noise, fast start-up, 
and excellent line and load transient response. It consumes 
only 40 pA of ground current at full load. No input capacitor 
is required for operation. The TPS79918 is stable with a 
small ceramic output capacitor and uses an advanced 
BiCMOS fabrication process to yield a 110 mV dropout 
voltage at the full 200 mA output load. Its precision voltage 
reference and feedback loop achieve a 2% overall accuracy 
over all load, line, process, and temperature variations. 
The addition of an optional noise reduction capacitor 
provides an extremely low noise output voltage. It is fully 
specified from TJ = -40°C to +125**C and is offered in three 
packages: ThinSOT23, Wafer Chip-Scale, and 8-pin SON. 
Figure 1 shows the TPS79918 internal block diagram. The 
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Figure 1: TPS79918 Internal Block Diagram 



active high enable signal turns the device on after the input 
voltage goes above the under voltage lockout level (UVLO). 
UVLO ensures that the input voltage is available, which 
provides a clean startup waveform. The IC features current 
limit and thermal shutdown protection in case of a system 
failure. The internal 500 kQ resistor along with an external 
noise reduction capacitor on the NR pin provide an RC 
filter to reduce the bandgap noise which provides a 
low-noise output voltage. The quickstart switch initially 
shorts out this resistor to provide a fast 40 |jS startup time. 
This IC has excellent transient response that is enhanced 
by the Overshoot Detect circuit which actively pulls the 
output voltage down during a heavy load to light load 
transient. 

Intel StrataFlash P30 Embedded Memory 
Requirements 

Migrating existing J3 memory systems to the new P30 
memory requires regulating the existing 3.0 V core voltage 
down to 1.8 V. The 1.8 V core voltage requires regulation 
within ±0.1 V, which is met by the TPS79918's tight 2% 
voltage tolerance. The LDO performs well with the load 
transients caused by rising and falling edges of CE# and 
0E#. Figure 2 shows that even with a 1 mA to 50 mA load 
transient, the output voltage only drops 40mV. This 
performance meets the P30 memory input voltage 
requirement. Taking system level requirements into 
consideration, Intel's application note cautions the designer 
to consider both standby current and active current. Figure 
3 shows that unlike some LDOs, the TPS79918's low 
quiescent current is constant over changes in input voltage 
and load current. The low quiescent current extends 



battery life in portable applications. The TPS79918 is 
available in three packaging options: TSOT-23 (2.9 x 2.8 x 
1.0), Wafer Chipscale (WSCP) (1.36 x 1.00 x 0.62), and 2 x 
2 SON (2.0 X 2.0 x 0.75), which all meet the P30 active 
current requirements. The difference between the three 
packages is size and power dissipation. Assuming a 60°C 
ambient temperature, the power dissipation for the three 
packages is 142 mW, 156 mW, and 526 mW respectively. 
That corresponds to a maximum continuous load current of 
119 mA, 130 mA, and 438 mA in this application. 
Figure 4 shows the simplicity of a TPS79918 powering a 
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Figure 2: TPS79918 Load Transient 
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Figure 3: TPS79918 Quiescent Current vs Line and Load 



P30 memory module. The only required components are 
the LDO its self and its output capacitor. The input capacitor 
is only required if the 3.0 V output capacitor is not located 
physically near the LDO. The noise reduction capacitor is 
only needed when powering noise sensitive applications, 
so it it not required in this application. 
Intel specifically recommends the following LDOs for their 
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Figure 4: Typical StrataFlash Configuration with LDO 

StrataFlash P30 memory: These four LDOs meet the 
electrical and temperature requirements for the new P30 
memory. 



Device 


Vo 






PSRR I Package 


Dimensions 




(V) 


(mA) 


(mA) 


(dB) 




(mm) 


TPS79918DDC 


1.8 


200 


40 


70 


TSOT-23 


2.9x2.8x1.0 


TPS79918DRV 


1.8 


200 


40 


70 


2x2 SON 


2.0x2.0x075 


TPS79918YZU 


1.8 


200 


40 


70 


WSCP 


1.36x 1.00x0.62 



Conclusions 

The TPS79918 LDO from Texas Instruments is ideally suited 
to power Intel's next generation StrataFlash P30 
Embedded Memory. The three packaging options allow 
the designer to optimize the solution size while the LDO's 
electrical performance meets the system level 
requirements for low standby current, transient response, 
and peak current. 



For more information: 

Using key word search, download datasheets and other 
literature at: http://www.ti.com 



References: 

Intel® Application Note AP812 {Document Number 
306667, Rev. 002) available at www.intel.com 
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Variations 
thenrie: 

Handheld game systems proliferate, 
touting varied features and price tags 

ENTERTAINMENT CONSOLES ARE GOING MOBILE IN A BIG WAY 
FOLLOWING IN THE FOOTSTEPS OF THEIR COMPUTER FORERUNNERS. 
AT THIS EARLY STAGE IN THE GAME, THERE'S NO SHORTAGE 
OF OPINIONS ON WHAT DEFINES THE PERFECT SYSTEM, LEADING 
TO A DIVERSITY OF PRODUCT ALTERNATIVES. 



raditional TV-tethered video consoles are in no danger of obsolescence, 
but portable counterparts are beginning to supplement and, to a lim- 
ited degree, supplant them (Reference 1 ). Although mobile units don't 
directly drive large-screen displays, they don't need to; instead of view- 
ing them from several yards away, players hold them a foot or less from 
their eyes, and the portable consoles' fine-pitch LCDs deliver lots of 
detail. They don't hook into a surround-sound speaker system, either. 




but a set of headphones and sufficient 
CPU horsepower, which dedicated hard- 
ware acceleration often supplements, can 
deliver an immersive virtuaLsurround 
experience (Reference 2). And, speaking 
of CPU horsepower, it, along with graph- 
ics muscle, is a fundamental reason for 
portable consoles' burgeoning success. 
Potential customers have long appreci- 
ated the transportable benefits of a 
mobile system, but the consoles have only 
recently become capable of delivering 
engaging game play, along with high- 
quality sound and images, while supply- 
ing sufficient battery life to justify their 
"portable" classification. 

What characteristics delineate a 
portable gaming console? That's a tough 
question to answer; to understand why, 
look at another rapidly growing mobile- 
electronics category: the portable com- 
puter. Like the portable gaming console, 
the portable computer has achieved 
mainstream popularity; look at the com- 
puter-store advertisements in your Sunday 
newspaper if you aren't convinced. 
Portable computers can finally deliver an 
adequate amount of storage capacity, pro- 
cessing horsepower, and battery life for the 
masses. But what's a portable computer? 
Is it a laptop PC and, if so, in what size, 
weight, and form factor and with what 
operating system and application-software 
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AT A GLANCE 

El Price and features define the bat- 
tle in portable game consoles, just 
as with living-room-based systems, 
but, in this case, the added compli- 
cation of battery life comes into play. 



El Nintendo offers a range of sys- 
tems with various capabilities and 
prices; the latest DS provides a 
bridge to the past and a path 
to the future. 



El Sony's PSP (PlayStation 
Portable) ups the ante on cost but 
delivers a greater breadth and depth 
of potential than its Nintendo 
competitors. 



El The Gizmondo and N-Gage are 
slow out of the gate; did their 
features not align with consumers' 
desires, or was their market entry 
just premature? 



suite? Is it a PDA, and, if so, which of the 
multiplicity of implementation options 
that currently claim the name "PDA" are 
valid examples of the portable-computer 
category, versus being something "lesser," 
"greater," or "other"? Is a computing- 
enhanced cell phone or camera — or game 
console — also a computer? 

There's no shortage of opinions regard- 
ing what a portable computer is- Similarly, 
ask 10 people to succinctly define a 
portable game console, and you'll proba- 
bly get 10 different answers- This diver- 
sity of views reflects the diversity of prod- 

(continued on pg 58) 




Figure 2 Nintendo's proprietary NiFi 802.1 1 b-based Layer 3 protocol supports close- 
proximity player-to-player communication (a) and gaming (b); the DS's recently intro- 
duced TCP/IP stack expands the system's multiplayer-gaming capability to a world- 
wide, Internet-based approach (c) that you can even enjoy for free from the comfort of 
a nearby fast-food restaurant (d). 



kBLE 1 THE HISTORICAL PROGRESSION OF NINTENDO'S GAME BOY UNE 



Product 


Introduction Date 
(Japan) 


Description 


Game Boy ^i^HBB 


W April 21, 1989 


Original product, based on Sharp-designed 4.2-MHz Z80 CPU with 160X144- ^^^H 
pixel reflective monochrome display 


Game Boy Pocket 


1996 


Smaller and lighter with improved black-and-white display; smaller link port, 
adopted by all subsequent models until Game Boy Micro 


Game Boy Light 


1998 


Japan-only release added backlit screen to Game Boy Pocket design ^ 


Game Boy Color 


1998 


Color LCD, twice the processor speed, twice as much memory, IR communications 
port 


Game Boy Advance 
Game Boy Advance SP 


2001 
2003 


32-bit, 1 6.8-MHz ARM processor plus Z80 processor for backward compatibility; 
240X1 60-pixel display 

Switched to a clamshell design with an internal front light and rechargeable battery; 
improved backlit screen added in September 2005 


Game Boy Micro ^^^H 

1 ■ 




4 in. wide, 2 in. tall, less than 1 in. thick. Weighs 2.8 oz. ^^^^^^^H 
Drops backward compatibility with Game Boy Color and previous titles ^^^^^^^^ 
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A Purely Technical Experience 

Yoijr£; -for -1:1] b Af^kkjc^! 




TOPICS COVERED 

• Zero-current/Zero-voltage 
Switching Topology 

• 2nd Generation Advancements 

• Vicor Design Assistance Computer 

• Electrical Performance 

• Thermal Considerations 

• Control Functions 

• Unique Paralleling Methods 

• Electrical Safety Concepts 

• Module Do's and Don'ts 

• Mounting Techniques 

• Application Examples 

• EMI Considerations 




"DESIGNING WITH COMPONENT POWER MODULES" 

A Technical Seminar on CD 

Presented by leading power applications expert, Tom Curatolo, 
VICOR's CD Seminar is a purely technical 90-minute experience that 
you can run at your own pace. The CD provides power system 
designers with an in-depth technical review of issues including 
electrical, mechanical, and thermal design; EMI, and applications. 
The information is presented in a synchronized format and includes 
printed and video back-up materials which are downloadable. 



YOURS FOR THE ASKING! 

For your connplinnentary copy of "Designing with Connponent Power Modules" 
go to vicorpower.conn/cd or contact us at 800-735-6200. 

This is the first in a series of Tech Senninar CDs 
and by registering now you will be automatically 
infornned as new ones become available. 



KIP 





















UP-AND-COMERS OR WASHOUTS? 



The allure of the portable- 
gaming market is com- 
pelling enough that, 
although Sony's PSP 
(PlayStation Portable) and 
Nintendo's product suite 
currently dominate it, 
other contenders are also 
vying for the throne 
(Figure A). The Gizmondo 
from Tiger Telematics is 
one candidate, although 
it's off to a rough start, 
having debuted in Europe 
in mid-March 2005, fol- 
lowed by sales in the 
United States beginning 
in late October. From a 
hardware standpoint, it's a 
mixed bag in comparison 
with the DS and PSP. 
Some would claim that its 
Samsung-designed single 
ARM9 CPU leaves it with 
less processing muscle 
than the dual-ARM DS, 
although Gizmondo's 
ARMS runs at a much 
higher, 400-MHz clock 
rate. Conversely, Giz- 
mondo's Nvidia-developed 
GoForce 3D 4500 graphics 
processor, with nearly 1.3 
Mbytes' worth of frame- 
buffer memory, is state-of- 
the-art. 

Gizmondo touts a 2.8- 
in.-diagonal, 320X240- 
pixel, color TFT (thin-film- 
transistor) screen, current- 
ly in a 4X3 aspect ratio. 
However, last summer, 
before the launch of the 
first-generation unit in the 
United States, the compa- 
ny indicated that a 16X9- 
aspect-ratio, wide-screen, 
second-generation prod- 
uct variant was in the 
works. Tiger Telematics 
based Gizmondo on 
Microsoft's Windows CE. 
Besides gaming capabili- 
ties, it includes multime- 
dia playback, GPS (global- 



positioning-system) satel- 
lite tracking, wireless- 
Bluetooth PAN (personal- 
area-network), and GPRS 
(General Packet Radio 
Service) WAN (wide-area- 
network) communications. 
WAN features include 
SMS (short- message serv- 
ice), e-mail, WAP (Wire- 
less Application Protocol) 
browsing, and cellular 
voice through a Bluetooth 
headset. Gizmondo also 
includes a VGA-resolution 
camera and even a gyro- 
scope that senses and 
enables applications to 
respond to the unit's 
orientation. 

The early reviews on the 
console are lukewarm, the 
first wave of game titles 
reportedly isn't engaging 
or eye-catching, and the 
battery life is markedly 
brief. The short battery life 
is not surprising, consider- 
ing all of the circuitry the 
company packed onboard 
the unit. Tiger Telematics 
also touts a unique pric- 
ing scheme; you can buy a 
Gizmondo for $229 if 
you're willing to accept as 
many as three 40-sec 
advertisements per day, 
through GPRS, or $399 
with no ads. 

Speaking of engaging, 
no overview of portable 
gaming systems would be 
complete without men- 
tioning the Nokia N-Gage 
series (Reference A). The 
company in October 2003 
introduced the first mem- 
ber of the product family, 
which it based on a Series 
60 phone foundation run- 
ning Symbian OS Version 
6.1 on a 104-MHz ARM 
CPU with a DSP. Its 
speaker, microphone, and 
screen locations made 



using it as a cellular 
phone cumbersome: 
Users needed to remove 
the unit's battery to swap 
out game cartridges. The 
unit's Java-based games 
were slow and uncom- 
pelling, and its multime- 
dia-playback capabilities 
were limited. Plus, being 
GSM-only, it couldn't run 
on CDMA and Japanese 
cellular networks, a prob- 
lematic shortcoming given 
that many game develop- 
ers are based in Japan. 

The follow-on N-Gage 
QD, which the company 
unveiled in April 2004, 
relocated the speaker, 
microphone, and game- 
cartridge slot. However, 
because its developers 
based it on the same fun- 
damental hardware 
design as its predecessor, 
it suffered from many of 
the same shortcomings. 
The product family sold 
approximately 2 million 



units in 3 years' worth of 
promotional effort; initial 
forecasts projected sales 
of 6 million units in that 
same time frame. Nokia 
recently announced that it 
was suspending further 
development of the N- 
Gage hardware platform, 
although it would contin- 
ue to offer new games 
and other software for 
already-sold consoles, 
and would consider re- 
entering the portable- 
game-console market in 
2007 or later. In the mean- 
time, Nokia will focus its 
efforts on appending 
gaming functions to its 
conventional Series 60 
cellular handsets. 



Reference 

A Miller, Matthew, 

"Phone/game combo fails 

to engage an audience," 

EDN, Dec 16, 2005, pg 78, 

www.edn.com/article/ 

CA6290469. 
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Maximum Interconnect Solutions 



Noise 

When the power is on, you don't want shock 
or vfl>radon to create spurious signals. 
Mill-Max Spring-loaded Connectors provide 
a reliable electrical connection in the 
most rigorous environments. j 



Maximum Continuity: Precision-machined 
gold-plated components and a low-resistance 
spring maintain a consistent electrical path. 

Maximum Stability: Tested to a minimum of 
50G shock and lOG vibration with no spikes 
>lps and >1.15V with 0.5A applied. 

^HpPmi^^H Maximum Endurance: 

^ "^^^^^B 1,000,000 cycles and still 

I i i ■ electrically silent. 



^^^^ ^ Maximum Range: Surface 

^ I mount and thru-hole 

configurations with various profiles and multiple 
stroke lengths. 

Mill-Max Spring-loaded Connectors are typically 
used as the battery charging contacts in portable 
instruments, or as a rugged interconnection 
between circuit boards. 

For information and our Free Design Guide, 
go to www.mill-max.com/respond 
Response Code: EDN560 
Phone:516-922-6000 



uct offerings now in the market- 
place, both from one vendor to 
another and within each vendor's 
product portfolio (see sidebar 
"Up-and-comers or washouts?")- 
For hardware and software suppli- 
ers, the $25 billion gaming indus- 
try is a gambler's paradise — or, if 
you prefer, nightmare — fueled by 
fickle consumers and insistent 
investors- Guess right, and you're 
in the pole position for mind-bog- 
gling revenue and profits- Guess 
wrong, on the other hand, and 
you'll quickly be left in the dust. 

REIGNING CHAMPION 

Nintendo launched its original 
Game Boy in Japan on April 21, 
1989, and in the United States 
that August (Reference 3)- Over 
the subsequent 16'plus years, the 
company has made steady, calcu- 
lated improvements to the plat- 
form, culminating in today's GBA 
(Game Boy Advance) SP, which 
sells for approximately $80, and 
Game Boy Micro, which sells for 
approximately $100 (Figure 1). 
The latest Game Boy Micro, 
which Nintendo unveiled at last 
May's E3 (Electronic Entertain- 
ment Expo) conference (www- 
e3expoxom), dropped Z80 CPU 
support and is therefore the first 
member of the series that's incom- 
patible with original Game Boy, 
Game Boy Pocket, and Game Boy 
Color games (Table 1)- 

The Game Boy line is Ninten- 
do's legacy; the Nintendo DS, 
which, depending on who you talk 
to, stands for either Dual Screen or 

Developer's System, in contrast, is 

the first platform iteration of the 
company's portable-gaming future (Ref- 
erence 4)- Nintendo launched the DS in 
the United States — one of the rare occa- 
sions in which a game device didn't debut 
in Japan— on Nov 21, 2004, at $149.99; 
the Japan introduction occurred two 
weeks later, on Dec 2. Nintendo 
decreased the price to $ 1 29-99 on Aug 2 1 , 
2005, and Target stores sold one color 
variant for $99-99 during the recently 
concluded 2005 holiday-shopping season. 
At 5.85 in. wide, 3.33 in. long, 1.13 in. 




(c) 



Figure 3 The PSP's beefy, multicore CPU and graphics 
subsystem, along with other enhanced hardware capa- 
bilities, deliver highly detailed games (a). The system 
can also function as a USB mass-storage device and 
as an audio, still-image, and video player (b). The video- 
player function employs content streamed over or 
downloaded from the Internet from a Memory Stick or 
on a Sony-proprietary UMD optical disc (c). 



tall (closed), and 9.7 oz, the DS fits into 
a large pocket. Nintendo included two 
displays in the DS; both are 3-in.-diago- 
nal with a 4X3 aspect ratio, constructed 
of a backlit, 0.24'mm-dot-pitch, 256 X 
192-pixel, semitransparent, reflective, 
TFT (thin-film- transistor), color LCD 
array. The lower screen incorporates a 
transparent analog touch sensor, and both 
screens can display 262,144 colors. 

As with the Game Boy Micro, Nin- 
tendo also limits the DS' backward com- 



patibility to GBA-targeted titles. 
The DS contains two ARM CPUs: 
an ARM946E-S normally operating 
as fast as 67 MHz but reportedly 
able to operate as fast as 200 MHz 
with 8-kbyte-instruction and 4- 
kbyte-data caches, and an ARM7- 
TDMI running at 33 MHz but able 
to operate at 133 MHz with 64 
kbytes of internal memory. Nin- 
tendo is characteristically coy 
about its hardware and doesn't dis- 
cuss the function partitioning be- 
tween the processor cores; they 
share 32 kbytes of memory, and the 
DS also contains 4 Mbytes of system 
DRAM. The 3-D-graphics engine 
can transform as many as 4 million 
geometry vertices/sec, or 120,000 
polygons/sec, and it touts a 30 mil- 
lion-pixel/sec fill rate. The DS in- 
cludes dual speakers, along with a 
two-channel headphone jack, and 
it also embeds a microphone for, 
among other things, voice-recog- 
nition applications. 



SONY: TOP CONTENDER 

After watching Nintendo garner 
most of the portable-console busi- 
ness for more than a decade, Sony 
decided to give its living-room-con- 
sole rival some mobile competition, 
too. Sony also wanted to give itself 
a hardware platform to jump-start 
its media divisions' ambitions by 
supporting the Memory Stick Duo 
and 1.8-Gbyte UMD (Universal 
Media Disc) formats. (Visit the 
Brian's Brain blog at www.edn. 
com/briansbrain and read the 
"Sony versus the hackers" entry for 
more information.) Sony unveiled 
— the PSP (PlayStation Portable) at 
the 2003 E3 conference. The com- 
pany launched the console in Japan on 
Dec 12, 2004, and in North America on 
March 24, 2005, although European cus- 
tomers had to wait until Sept 1, 2005, to 
buy their PSPs. The PSP measures 6.7 in. 
long, 2.9 in. wide, and 0.9 in. deep; weighs 
10.3 oz, including its removable lithium- 
ion battery and a Memory Stick Duo; and 
sells for $249.99, including accessories. 
(Sony sold the device as a stand-alone 
unit only in Japan for 20,790 yen.) The 
unit's 43-in.-diagonal, 16X9-aspect- 
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Radically 
Reduced 
Footprints 
witli Intersil's 
Integrated 
FETs 



DC/DC Solution 
Stepping All Over 
Your Board? 

Reduce your PCB footprint to an incredible 
300 mils X 600 mils with Intersil's highly 
efficient 0.6Ato 2A DC/DC Switching 
Regulators with Integrated MOSFETs. 

Intersil's EL7530, EL7531 , EL7532, EL7534 and EL7536 family of DC/DC 
buck regulators with integrated MOSFETs are simple to use, compact and 
full-featured. Their high efficiency makes them especially well suited for 
battery-operated products. 
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The EL7530/EL7531 
devices inlcude pulse 
frequency mode (PFM) and 
pulse width modulation 
(PWM) for high efficiency in 
standby or at fuil load. 
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The EL753X Evaluation 
Board with 300 mils x 
^ I 600 mils footprint. 



EL753X Features: 

Extremely small 0.6A - 2A synchronous 
buck switching regulators 

— V|N = 2.5V -5.5V 

^ 96% maximum efficiency 

— 1 00% duty cycle (Vq close to V|n) 

1 .4MHz fixed PWM with small passives 

^ PFM/PWM auto-switchable (EL7530 
and EL7531) 

120|jA quiescent current 

Applications: 

Core Power Supply, Communications 
Equipment, Storage Systems, WLAN, 
Pocket PCs, Wireless Web Browswers, 
GSP Navigators, Digital Cameras, 
Barcode Scanners, Portable Instruments, 
Language Translators 



Datasheet, free samples, and 
nnore information available at 
www.intersil.com/edn 



Intersil - Switching Regulators for precise power delivery. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 
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ratio, TFT LCD supports 480x272'pixel 
resolution and can display 16,777,216 
colors- Sony does not specify the display's 
pixel pitch. 

Sony had no backward-compatibility 
concerns with the PSP, because it was the 
first in, presumably, a series of portable 
consoles from the company. However, 
Sony strove to ease developers' porting of 
PlayStation 2 games to the PSP, and the 
distinct PS2 heritage of the PSP's current 
title suite reflects that simplicity (Refer- 
ence 5). The console contains dual 1.2 V 
MIPS 4KE CPU cores that can operate 
as fast as 333 MHz but that normally 
clock no higher than 222 MHz — proba- 
bly for power-consumption reasons. One 
core handles most of the system- and 
game-code processing, and the other, sup- 
plemented by 2 Mbytes of embedded 
DRAM, tackles media processing of 
audio, still images, video, and the like. 
The PSP includes 4 Mbytes of embedded 
DRAM and 32 Mbytes of discrete 
DRAM. 

The PSP's dual-core graphics processor 
runs at 166 MHz and partitions the graph- 
ics pipeline into two classes of tasks: 
curved-surface and geometry processing 
on one core and texture-surface and pixel- 
rendering processing on the other core. 
Overall specifications, which Sony first 
revealed at the 2004 IEEE Hot Chips con- 
ference at Stanford University, include a 
peak pixel-fill rate of 664 million pix- 
els/sec and a peak transformed and lit 
geometry-processing rate of 33 million 
polygons/sec. Sony also included the 
reconfigurable-logic-based VME (Virtu- 
al Mobile Engine) video- and sound-pro- 
cessing core, which runs at 1.2V and 166 
MHz and can implement 3-D virtualiza- 
tion, reverberation, tone control, and 
other audio-processing functions. Like the 
DS, the PSP includes left and right speak- 
ers and a dual-channel headphone jack, 
although, in this case, the microphone is 
an add-on accessory. 

WIRELESS VARIETY 

The DS and PSP both include WiFi 
transceivers; the implementation differ- 
ences lie in the details. Nintendo's design 
handles only 1- and 2-Mbps WiFi data 
rates and supports only short-preamble 
mode. Until recently, it also lacked IP 



Il^flTEDHRnM ~ 



\±} Go to www.edn.com/060n9df to 
post a comment on this article. 

[±] At tiie Brian's Brain biog, www.edn. 
com/briansbrain, you can iearn more 
about ttie topics ttiis articie discusses, 
post comments and questions, and 
peruse and respond to ttie postings ttiat 
otiier EDN readers moKe. Visit ttie 
''Variations on a ttieme" entries to 
peruse "Sony versus ttie tiacl^ers," 
Xonsote foiiow-ups," ''Hands-on 
impressions," "Interesting tit and ottier 
bits," and more. 



(Internet Protocol) support and, there- 
fore, didn't implement a TCP/IP (Trans- 
fer Control Protocol/IP) or UDP/IP (User 
Datagram Protocol/IP) stack (Figure 2). 
People often refer to Nintendo's propri- 
etary OSI (Open Source Initiative) 
Layer 3 protocol as NiFi, but that moniker 
is deceptive. Nintendo implements fully 
OSI- and 802.1 lb-compliant Layer 1 
physical (wireless) and Layer 2 data- link 
layer MAC (media-access-control) com- 
munications; NiFi's divergence occurs 
only at Layer 3 and beyond (Reference 6). 

The discussion about NiFi is now mere- 
ly academic, though, because Nintendo 
has just launched its TCP/IP-based Nin- 
tendo WiFi network, which you can 
access through any 802. lib-compatible 
wireless router or access point. The Nin- 
tendo DS doesn't yet offer a Web brows- 
er, so networks that require Web -based 
log- in schemes are normally off-limits, 
but Nintendo has partnered with Way- 
port and McDonalds to offer free access 
in McDonald's US restaurants (see side^ 
bar "More at EDN.com"). Other similar 
wireless-network-access deals are likely to 
follow. 

The PSP, in contrast, implements a full 
802.1 lb-based TCP/IP-network stack at 
data rates as high as 1 1 Mbps. It supports 
both peer-to-peer and infrastructure 
modes for playing games against other 
PSP owners both nearby and worldwide. 
Firmware Version 2.0 added a full-fea- 
tured Web browser. (Sony previously 
embedded a limited-function browser 
within the WipEout Pure game.) Version 



2.5 firmware included the ability to watch 
streaming video from the company's Loca- 
tionFree network-broadcast base station, 
and Version 2.6 incorporates the ability 
to access streaming RSS (Rich Site Sum- 
mary, or Really Simple Syndication) Ver- 
sion 2.0 audio feeds. 

The DS and PSP not only support wire- 
less, multiplayer game play, but also claim 
to support so-called game-sharing 
mode — that is, the ability to temporarily 
download a subset of a game to another 
console's RAM to enable multiplayer 
mode with someone who doesn't own the 
game. (Nintendo refers to this feature as 
single-cartridge/multiplayer. ) However, 
although DS titles widely support game 
sharing, no PSP titles yet implement it. 
(The single-cartridge/multiplayer feature 
extends back to the GBA, although before 
the existence of the GBA DS, multiplay- 
er mode was possible only through a wired 
connection between consoles.) The PSP 
does allow game sharing, however, to 
download demo versions of games from 
promotional kiosks to PSPs. (The DS also 
supports this feature.) At least one PSP 
title, Namco Museum, also supports the 
download-a-demo-to-another capability, 
and several PSP titles enable you to down- 
load extra postpurchase features, such as 
WipEout Purees additional race tracks, fea- 
tures, and soundtracks, from the Internet. 

FLEXIBILITY VERSUS PRICE 

You might expect that the PSP's greater 
hardware apportionment and higher price 
than the DS would translate to not just 
beefier games, but also broader and deep- 
er features, and you'd be right (Figure 3). 
The console's Internet- and multimedia- 
related capabilities include audio in WAV 
(Windows Wave), MP3, AAC (Ad- 
vanced Audio Compression) within an 
MP4 wrapper, ATRAC (Adaptive 
Transform Acoustic Coding) 3 plus, and 
WMA (Windows Media Audio) formats. 
Both the ATRAC and WMA support are 
available only without DRM (digital- 
rights management). The console also 
supports still images in BMP, GIF, TIFF, 
and JPEG formats and video in both 
MPEG-4 Part 2 (Simple Profile) and Part 
10 (Main Profile Level 3, also known as 
MPEG-4 AVC and as H.264) formats. 

For complex game-play scenarios, the 
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Intersil Battery Charger ICs 




Don't Get Burned by 
Cheap Imposters 

Protect your designs from counterfeit battery 
packs with Intersil's ISL6296. We've integrated 
our FlexiHash™ technology to deliver a simple, 
robust and inexpensive battery authentication 
solution for 1-cell Li-lon/Li-Polymer or 3-cell 
NiMH series battery packs. 

Intersil's ISL6296 offers the same level of effectiveness as other 
significantly more expensive, high maintenance, monetary-grade hash 
algorithm and authentication schemes. This device supports a wide range 
of operating voltages and is customized for low-cost applications. 




ISL6296 Functional Block Diagram 
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Device Authentication Process 



64-bit Secret 



32-bit Hash 
Function 



32-bit Hash J 
Seed 



32-bit pseudo-random 
challenge word from host 



FlexlHash 
Engine 



8-bit authentication code 



XSD single-wire host bus 
interface communicates with 
all 8250-compatible UARTs or 
a single GPIO pin. Supports 
CRC on read data and 
transfer bit-rate up to 23 kbps. 



■ 16 bytes of one-time 
programmable ROM memory 
for storage of pack 
information and ID, device 
authentication secrets, device 
default settings, and factory 
programmed trim parameters. 



Patent pending FlexlHash 
engine consists of four 
separate programmable 
CRC calculators. Two sets 
of 32-bit secret codes are 
used for authentication 
code generation. 



Key Features: 

^ Patent pending challenge-response 
authentication scheme using 32-bit 
challenge code word and 8-bit 
authentication code. 

^ Fast single-step authentication process 

^ Supports 1-cell Li-Ion/Li-Polymer and 3-cell 
series NiMH battery packs (2.6V-to-4.8V 
operation) 

^ Compatible for use with serial ports offered 
by all 8250-compatible UARTs or a single 
GPIO pin 

^ "Zero Power" sleep mode after bus inactivity 
time-out period 

^ 64-bit user-programmable secret for security 

^ Can also be used in a variety of accessories 
such as printer ink cartridges where 
authenticity needs to be verified. 

^ Variety of packages available including 
SOT-23-5, chip scale or unpackaged die 



Datasheet, eval kit with USB 
interface, free samples, and 
more information available at 
www.intersil.com/edn 
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PSP incorporates more control inputs 
than does the DS, including an analog 
joystick. An infrared transceiver supple- 
ments the console's WiFi capabilities, and 
the unit also supports a USB 2.0 wired 
connection. When you connect the PSP 
to a computer, a Memory Stick Duo card 
in the PSP mounts on the computer as an 
additional drive. The PSP has a more 
expansive suite of available accessories 
from both Sony and third parties, reflect- 
ing its more comprehensive features. 
These add-ons include the microphone, 
protective cases and automobile mounts, 
amplified speaker- inclusive stands that 
enable easy viewing of UMD- and Mem- 
ory Stick Duo-housed movies, extended- 
life batteries, video-out converters for 
connecting the PSP to an external dis- 
play, 3-D- vie wing supplements, and 
adapters that enable the PSP's use of high- 
er-capacity, small-form-factor hard-disk 
drives through the Memory Stick Duo 
interface. You can even buy solid-state 
PVRs (personal video recorders) that 
record television and dub input videos 
directly to a Memory Stick Duo in a PSP- 
resolution-friendly MPEG-4 format for 
later viewing on your console. 

The DS' recent embrace of TCP/IP 
opens the door to a number of possible 
expansions of that console's features. The 
robust artificial- intelligence ability of 
games such as Nintendogs is a testimoni- 
al to the system's processing potential. 
You can view videos on the DS using its 
Game Boy-compatible cartridge slot and 
Video Paks from Majesco, although 
they're of low quality because software 
running on the CPU decodes them and 
because of the cartridges' 3 2 -Mbyte ca- 
pacity. The hardware-accelerated Play- 
Yan (now Play-Yan Micro) audio (MP3) 
and video (MPEG-4) adapter, which 
interfaces to SD cards, is now available 
only in Japan. The GBA Movie Player 
third-party adapter mimics the Play-Yan's 
features and adds e-book support. 

Will Nintendo ever offer a Web brows- 
er for the DS? Feedback from the com- 
pany at an early November briefing in 
Redmond, WA, was contradictory. A 
public-relations representative indicated 
that a browser, should it ever appear, 
would likely come from a third party, but, 
Reggie Fils-Aime, executive vice presi- 
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dent of sales and marketing, later sug- 
gested that Web-browser support would 
be a "provocative idea." He added, "How 
can we bring new people onboard to buy 
DS and play DS? Having a Web browser 
would be highly disruptive. I would love 
to do it" (Reference 7).EDN 
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Complete lOA Switchmode DC/DC 
Power Supply in an IC Fonn-Factor 

High Performance Analog Solutions from Linear Technology 




P re-manufactured DC/DC power 
supplies, also referred to as 
point-of-load (POL) modules, 
have been promising simpler, smaller 
and quicker solutions. However, they 
fall short in meeting the demands for 
system assembly of densely popu- 
lated embedded boards. Some POL 
module solutions require an external 
inductor, many additional input and 
output capacitors and compensation 
circuitry. Most are assembled on a 
small printed circuit board (PCB) and 
require hand insertion and visual 
inspection for reliability since the 
circuit components are exposed and 
subject to damage. 

For heat dissipation and safe 
component spacing, many embedded 
systems specify a maximum thickness 
for components on both the top and 
bottom of the board. Unfortunately, 
high power density DC/DC POL 
modules must implement tall inductors 



and rely on thick PCBs to 
alleviate heat dissipation 
and mechanical stress. In 
many cases, the large size 
and tall profile inhibits their 
use. Therefore, a designer 
must either design a 
discrete power supply where 
it can be optimized to meet 
the profile requirements or 
rely on lower power DC/DC 
modules where thinner 
inductors are used. 

System designers are 
compelled to make compro- 
mises in the selection, 
performance and definition 
of the optimum power 
supply. The ideal solution 
is a complete power supply 
with no external power 
components and easy layout that 
meets the same surface mount assem- 
bly requirements as other digital ICs 




on the board. The result is a solution 
that is easy to select, design and 
assemble. 




Figure 1. LTIVI®4600: Complete 10A Switchmode DC/DC Power Supply 
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Complete lOA Switchmode DC/DC Power Supply in an IC Form-Factor 



VinM.SVTO 28V 



Vout:1-5V/10A 

Gout 



66.5k 




Figure 2. Minimum External Components Required. 1.5V, 10A Application Is Shown 



A Complete Power Supply 

Figure 1 shows a complete DC/DC 
power supply solution. This IC-like 
solution is a lOA synchronous 
switchmode regulator with built-in 
inductor, supporting power compo- 
nents and compensation circuitry 
(see Figure 2 for block diagram) . The 
LTM4600 is a DC/DC jiModule™ that 
meets the spacing and assembly 
requirements of densely populated 
and advanced embedded systems. 
This encapsulated piModule DC/DC 
power supply is housed in a 15mm x 
15mm X 2.8mm LGA package. Its size 
is smaller than most FPGAs and 
processors. With a 2.8mm profile and 
weighing 1 .73g, the LTM4600 can be 
readily placed on the backside of a 
printed circuit board. 



This piModule is rated for both 
20V standard and 28V high voltage 
input operation. The output voltage is 
adjustable with a single resistor from 
0.6V to 5V. The LTM4600 can deliver 
up to lOA of output current and offers 
excellent transient response to rapid 
changes in load currents. 

Easy Design Replication by 
Copying and Pasting the Layout 

A common complaint among system 
designers is the assembly house's 
alteration of the original layout. The 
result is many rounds of debugging 
between the design and the assembly 
house. This problem is alleviated with 
the LTM4600. 

The simplicity of the LTM4600 
minimizes layout errors. Also, the 



piModule's assembly requires no 
special tooling. 

Excellent Thermal Performance 

The LTM4600 piModule has less than 
15°C/W of junction-to-ambient ther- 
mal resistance. It avoids overheat- 
ing by dissipating heat efficiently 
from both the top and bottom of the 
package. With careful layout, the 
device's packaging technology 
permits delivery of 12A load 
current at 3.3V from a 12V input. 
For applications with high ambient 
temperature, the LTM4600 with an 
optional heatsink and some air 
flow exhibits exceptionally good 
thermal performance even at high 
output power. A detailed applica- 
tion analysis with thermal imaging 
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photos, under variety of conditions, 
is available at www.linear.com/ 
micromodule. 

High Input Voltage, Ultrafast 
Transient Response 

The LTM4600, unlike other DC/DC 
POL modules that have limited input 
range, can convert input supply volt- 
ages as high as 28V, without any input 
supply protection or additional exter- 
nal components. The output voltage is 
adjustable from 0.6V to 5V with ±1 .5% 
accuracy. 

A unique capability of the 
LTM4600 is its no-clock latency current 
mode architecture, allowing it to 
respond quickly to rapid load current 
changes (Figure 6). Where other 
modules must wait one full clock cycle 
before responding to a load change, the 
LTM4600's response is instantaneous, 
dramatically reducing required bulk 
load capacitance. 



20A Load Current by Paralleling 
Two pModules 

TWo LTM4600 piModules can be easily 
paralleled to provide up to 20A of 
output current. The piModule features 
a current mode control scheme that 
ensures excellent current 
sharing among the 
devices. Sharing the load 
current among two 
piModules and balancing 
the power dissipation 
minimize the thermal 
stress and reduce require- 
ments for heatsinking and 
airflow. 

By interconnecting 
only three pins between 
two LTM4600S, a power 
supply can be easily 
scaled for higher output 
current. All the necessary 
circuitry for balanced and 
accurate current sharing 



is integrated. There are no require- 
ments for external op amps or other 
supporting components. Refer to the 
LTM4600 data sheet for details and 
the schematic for a 20A at 2.5V output 
from a 4.5V to 20V input supply. 
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CONDITIONS: 2bX, NO AIR FLOW, 
WAKEFIELD ENGINEERING PN#CIS20069, 
15mm X 15mm x 9mm HEATSINK, NO EXTVcc 

Figure 5. Low Thermal Impedance Prevents 
Overheating by Efficiently Dissipating Heat 
Even at Full Output Power 
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Complete lOA Switchmode DC/DC Power Supply in an IC Fomi-Factor 



VOUT 

50mV/DIV 



■out 
5A/DIV 




25^S/DIV 

V|N = 12V, VouT = 1 .SV, OA to 5A Load Step 
(CouT = 3 X 22|jF ceramics, 470|jF POS CAP) 

Figure 6. No-Clock Latency Current Mode Architecture for 
Ultrafast Transient 



RoHS Compliant: Mounts with 
Both Pb-Based and Pb-Free 
Solder Pastes 

The LTM4600 is RoHS compliant. 
However, unlike many Pb-free pack- 
ages which include matte-tin lead 
finish, the LTM4600 is offered with 
gold-finish pads. Gold-finish pads 
allow the piModule to be used with 
either PbSn- or SnAgCu-based solder 
pastes for surface mount processing 



(Figure 7) . This unique feature is espe- 
cially attractive to companies planning 
to convert to Pb-free manufacturing 
but must qualify the LTM4600 imme- 
diately for surface mounting with Pb- 
based pastes. 

Only 1.73 Grams 

With its tiny and low profile size, 
the LTM4600 weighs only 1.73g. 
Therefore, this high voltage and 



high power supply requires no 
special surface mount tooling 
procedures. The piModules' light 
weight and small size is easily 
handled by the same pick-and-place 
machines as those used for FPGAs 
and microcontrollers. This compat- 
ibility streamlines the manufactur- 
ing of high density system boards 
such as AdvancedTCA or Compact- 
PCI.XT 




Figure 7. Gold-Finisli Pads Allow tlie LTIVI4600 to Be Mounted 
witli Pb-Based or Pb-Free Solder Pastes 



Note: XT, LTC, LT and LTM are registered 
trademarks and pModule is a trademark of 
Linear Teclinology Corporation. All other trade- 
marks are the property of their respective 
owners. 
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Accurately judging 
endurance for solid- 
state storage 

DETERMINING THE APPROPRIATE SOLID-STATE-STORAGE 
APPROACH FOR OEM APPLICATIONS CAN BE DIFFICULT, ESPE- 
CIALLY WHEN SUPPLIERS OFTEN RELY ON VARYING METHODS 
TO MEASURE THE PERFORMANCE OF THEIR PRODUCTS. IT IS 
NO WONDER THE SELECTION PROCESS IS DAUNTING. 



Designers require a common measure for accu- 
rately evaluating storage options and their reli- 
ability- Endurance can provide such a measure, 
and understanding how to evaluate it correctly 
can help designers effectively select the right 
approach. "Endurance" refers to the number of 
write/erase cycles that a product can perform before it wears out- 
However, endurance is more than just a function of the stor- 
age media you are evaluating. The media and the associated 
controller technology combine to define a product's endurance. 
For example, magnetic media is an order of magnitude less reli- 
able than N AND flash, yet the controller technology that rotat- 
ing hard drives employ can compensate reasonably well for this 
deficiency. 

Vendors specify write/erase-cycle endurance for solid-state 
storage in many ways. Some specify the endurance at the phys- 
ical'block level, others specify it at the logical-block level, and 
still others specify it at the card or drive level. Because endurance 
also relates to data retention, you can calculate endurance at a 
higher level if the data-retention requirement is lower. For these 
reasons, it is often difficult to make an "apples-to-apples" com- 
parison of write/erase endurance by solely relying on these num- 
bers in a data sheet. 

To most appropriately measure endurance, you must break 
specification data into three criteria: storage-media type, wear- 
leveling algorithms, and error-correction capabilities. Additional 
factors that affect endurance include the amount of spare sec- 
tors available and whether the storage device performs a write 
using a file system or direct logical-block addressing. Although 
these issues can contribute to the overall endurance calculation, 
their effects on the resulting number are much lower than those 
of the first three criteria. 

STORAGE-MEDIA TYPE 

The first of three critical steps in selecting the right solid-state- 
storage media is to compare media types, including both NOR 
and NAND flash. Current NOR-technology implementations 
generally find use only in cell-phone and other chip-on-board 
applications. For these applications, NOR provides execute-in- 



place, boot, and data-storage functions in one chip. The 
economies of scale and component densities of NAND make 
it a better approach than NOR for nonvolatile, solid-state-stor- 
age systems. 

The two dominant NAND technologies are SLC (single-level 
cell), or binary, and MLC (multilevel cell). SLC technology 
stores one bit per cell, and MLC stores two bits. SLC NAND 
is generally specified at 100,000 write/erase cycles per block with 
1 bit of ECC (error-correction code), whereas MLC is specified 
at 10,000 cycles with ECC. Although a data sheet for an MLC 
device may not specify the level of required ECC, MLC man- 
ufacturers recommend 4'bit ECC when using this technology. 
So, when using the same controller, a storage system using SLC 
has an endurance value roughly an order of magnitude higher 
than that of a similar MLC-based product. 

WEAR-LEVELING ALGORITHMS 

A wear- leveling algorithm allows storage media to have even- 
ly distributed data writes and allows the controller in the stor- 
age media to remap logical-block addresses to different physi- 
cal-block addresses in the solid-state memory array. The fre- 
quency of this remap, the algorithm to find the least worn area 
on which to write, and any data-swapping capabilities are gen- 
erally proprietary intellectual property of the controller vendor. 
An integrated controller in the solid-state-storage system, which 
is independent of the host system, performs wear leveling. The 
host system performs its reads and writes only to logical-block 
addresses. So, as far as the host is concerned, the data never 
moves. 

Three scenarios to consider when discussing wear leveling are 
no wear leveling, dynamic wear leveling, and static wear lev- 
eling. Flash cards for the retail consumer market and those for 
solid-state-storage systems for industrial applications differ great- 
ly in endurance specs. A flash card that uses no wear leveling 
stops operating once the physical blocks wear out and all the 
spare blocks are exhausted, regardless of how much storage space 
remains unused. Early flash cards used no wear leveling and thus 
failed in write- intensive applications. For this reason, vendors 
do not recommend flash without wear leveling for use in enter- 
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prise-system OEM applications requiring 
industrial'grade, solid-state storage- 
Dynamic wear leveling wears levels only 
over dynamic, or "free," areas- Systems 
using dynamic wear leveling do not touch 
static data. In a system using 75% of stor- 
age for static data, only 25% is available for 
wear leveling. So, you calculate the en- 
durance of this approach as 25 times greater than a card with 
no wear leveling, but only one-fourth that of an approach that 
wear-levels over the entire storage space. 

A static'wear- leveling algorithm evenly distributes data over 
an entire system and searches for the least used physical blocks. 
Once it finds them, it writes the data to those locations. If blocks 
are empty, the write occurs normally. If they contain static data, 
it moves that data to a more heavily used location before it 
moves the newly written data. You calculate the endurance of 
a storage system using static wear leveling to be 100 times bet- 
ter than an approach without wear leveling. A system with 75% 
of the storage containing static data is four times better than a 
card that implements dynamic wear leveling. Static wear lev- 
eling provides better endurance because it writes data to all 
blocks of the storage system. 

ERROR-CORRECTION CAPABILITIES 

Part of the solid-state memory-component specification 
relates to error correction, an equally important consideration 
for measuring endurance. For example, SLC NAND compo- 
nents perform 100,000 write/erase cycles with 1-bit ECC. It 
stands to reason that the specification would increase with a bet- 
ter error-correction algorithm. Most flash cards employ ECC 
algorithms with 2- to 4'bit conection, and a few industrial-grade, 
solid-state-storage systems employ as much as 6-bit correction. 
The terms "2-bit," "4'bit," and "6-bit" correction can be slight- 
ly confusing, because they refer to bytes in a 512-byte sector. 
For example, 6 -bit correction defines the ability to correct as 
many as 6 bytes of data in a 512-byte sector. Because a byte 
equals 8 bits, a system with 6-bit ECC can correct 48 bits, as 
long as those bits stay within 6 bytes in the sector. The same 
definition holds true for 2- and 4'bit ECC. 

The relationship between the number of bytes per sector that 
a controller can correct is not directly proportional to the over- 
all endurance of a storage system, because the bit-error rate of 
NAND flash is not linear. Actually, 6-bit error correction should 
be much more than three times better than 2-bit ECC, because 
the probability of a 3 -bit error is significantly greater than the 
probability of a 7 -bit error. 

THE ENDURANCE CALCULATOR 

You can use the following equations to get an idea of how long 
a solid-state-storage system will last in an application. These cal- 
culations are valid only for products that use either dynamic or 
static wear leveling. You use solid-state-memory-component 
specifications for products that use no wear leveling. To calcu- 
late the expected life in years a product will last, use the fol- 
lowing equation: 



El We encourage your comments! 
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where a is the capacity in megabytes, 
P is the amount of static data in mega- 
bytes, X is the block- level endurance 
specification, c|) is the safety margin, (o 
is the file size in megabytes, ^ is the 
number of writes of file size o) per 
minute, and k is the number of minutes 
per year. For the a calculation, when 
converting from gigabytes to megabytes, megabytes equal the 
gigabytes times 1024- Note that you need to calculate |3, the 
static data, only for cards that use a dynamic-wear-leveling algo- 
rithm. This value should be zero for static wear leveling. 

When calculating X, the block-level endurance, the point is 
to determine the true endurance of a product — not the length 
of time a vendor claims it will last. Rather than use the speci- 
fication on the component vendor's data sheet, obtain block- 
level-endurance specifications directly from the storage provider 
and ensure that you have the endurance specification at the 
block level and not for the card or system. Many vendors spec- 
ify endurance at the card level, so be careful to use the proper 
value for this variable. Base the user-defined c|), or safety mar- 
gin, on the confidence of the data-transaction numbers that fol- 
low. For (o, the file size, when converting from megabytes to 
kilobytes, megabytes equal kilobytes divided by 1024- When cal- 
culating k, the number of minutes per year, the formula is: 60 
minutes/hour X 24 hours/day X365 days/year =5 25, 600. 
To calculate the number of data transactions, use the following 



equation: 



TRANSACTIONS = 



(a-p) xXx (l-cp) 



CO 



YEARS = 



(a-p) xXx (l-cp) 
(co X ^) X k 



where all of the symbols carry the same meaning as they do in 
the expected-life calculation. 

Designers will continue to face challenges in their selections 
as solid-state-storage manufacturers and flash-card providers vie 
for their attention. As part of their evaluation, designers will note 
differing requirements for industrial-OEM applications and for 
consumer applications, so it is important to distinguish between 
a flash-card supplier and a developer of solid-state storage. 

Although it is valuable to evaluate solid-state-storage systems 
based on the type of media, it should never be your only con- 
sideration. The controller's ability to compensate for the media 
is an even more significant issue. Additionally, the use of wear 
leveling and ECC can dramatically affect the reliability and 
enhance the usable life of the solid-state-storage system in an 
application. Taking all of these parameters into consideration 
should help designers more easily wade through the selection 
process and ultimately select the best approach for their appli- 
cation. EDN 
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3mm X 3mm 
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2 
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3 
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Intersil High Speed Op Amps 




Need More 
Analog Speed? 



Intersil offers a wide portfolio of High Speed 
Op Amps, including the industry's first Triple 
1GHz Current Feedback, the industry's 
fastest Amplifier in an SC-70 package, and 
a Voltage Feedback with over 700MHz of 
available bandwidth. 



Datasheet, free samples, and nnore information 
available at www.intersil.com/edn 




World's Fastest and Only Triple 1GHz 
Current Feedback Amplifier 

^ Handles ultra-high resolution video with 

room to spare 
^ 1GHz gain of 1 bandwidth 

800MHz gain of 2 bandwidth into a 

150^^ load 
^ 6000V/ps typical slew rate 

8.5mA per channel supply current 



1GHz; 
EL5367 



World's Fastest Amplifier In a Tiny SC-70 Package 

Get blazing speed in a tiny package. The EL5167 allows you to significantly reduce board size 
by packing 1 .40 Hz performance in an SC-70 package. The ELS 167 is the smallest and fastest 
high speed amplifier available with a scant 9mA power consumption. 



1.4GHz bandwidth 

6000V/|JS slew rate 

Less than 9mA 
power consumption 



Part No. 
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Is 

(mA) 
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(V) 


If 

1 
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(V) 
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1 


200 
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0.75 


1 


70 


±3.4 


5 
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1 
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1.5 


1 
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±3.6 
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1 
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3.5 


1 
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±3.8 
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1 


70 
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BW 
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SR 
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Is 
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(mA) 


VOUT 
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Get Current Feedback Performance with Voltage Feedback Control 

Intersil's ELS 104 eliminates that nasty tradeoff between ease of use, DC accuracy, and pure 
speed. We've pushed the usability scale up to and above 700MHz with virtually unlimited slew 
rate, almost zero overshoot, and low power consumption. Ground-breaking EL5X0X family of 
Voltage Feedback Amplifiers provides unmatched AC performance in this architecture. Use in 
place of any current feedback amplifier. 



— Virtually unlimited 
slew rate 



700MHz gain of 1 
bandwidth 

^ Almost zero 
overshoot 

^ Low power 
consumption 
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SR 
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IS 
(mA) 
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VoUT 
(V) 


Vos 
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EL5100/1 


1 
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10 
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100 
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5 
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Read more about the "Best Video 
Op Amp" in analogZONE's 2004 
Products of tlie Year awards at 
www.analogzone.com ^ 
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BY SAMUEL YU FORTEMEDIA 

Clear calls 
from the road 



VOICE-INTERFACE TECHNOLOGY IMPROVES 
THE SAFETY AND CLARITY OF HANDS- 
FREE COMMUNICATION IN AUTOMOBILES. 

Talking and driving — a dangerous combination, for 
sure, yet popular for a generation that wants to stay 
in touch with family and friends, no matter where 
they are or what they are doing. "Of all the acces- 
sories for cell phones, the ones people most want 
are headsets and other hands-free devices," says 
research analyst Linda Barrabee, who last year surveyed mobile- 
phone-buying habits for the Yankee Group- With the advent 
of a standard wireless interface in cellular phones (Bluetooth), 
the hands-free function in automotive telematics is set for explo- 
sive growth over the next several years- 
Over the past decade, technological advances have con- 
tributed to improvements in voice quality and enhanced recog- 
nition rates for the hands-free cellular-phone function. Since 
the early days of using a plain microphone as the input device 
in the car cabin, industrial engineers have designed special hous- 
ing for microphones, DSP engineers have developed voice-pro- 
cessing algorithms, and several companies have ventured into 
array microphones. 

Despite these considerable developments, two perceptible 
needs still remain for users: land-line-quality conversations and 
higher voice-recognition rates, especially at highway speeds. 
Limitations in current technology allow microphones to pick 
up noise from all around the car cabin. Such environments 
require a new technology to give consumers what they want. 

HANDS-FREE-MARKET BACKGROUND 

Road safety continues to be a major concern for everyone, 
including government agencies, car manufacturers, and drivers 



Y 




Figure 1 The traditional array microphone requires at least 30 
mm between each microphone and can cancel noise only 
on a 2-D plane. 



themselves. Anything that draws the driver's attention away 
from driving can make the roads hazardous — whether it is read- 
ing the newspaper, eating a sandwich, or talking on the phone. 
As such, hands-free cell-phone functions that allow drivers to 
keep both hands on the wheel and both eyes on the road are 
becoming essential features in today's automobiles. 

Worldwide, about 25 countries, including Australia, Italy, 
Israel, and Japan, have passed laws restricting drivers from using 
handheld cell phones. Three US states, including New York, 
have enacted similar laws, and at least 40 other states are now 
proposing such legislation, according to the National Confer- 
ence of State Legislatures. Although consumers must comply 
with these laws, they also want to enjoy their conversations. 
Today, there is still a noticeable difference in voice quality 
between using a handheld phone and using a hands-free device. 
On the other hand, service providers such as On-Star contin- 
ually look to improve customer satisfaction, especially for the 
automated voice-activated systems. 

TECHNOLOGY TREND 

Historically, hands-free-telematics functions have used a sin- 
gle microphone as the input interface. This microphone could 
be unidirectional or omnidirectional and strategically placed 
within the cabin — on the visor, steering wheel, or rearview mir- 
ror, for example. Although this setup served its purpose in pick- 
ing up the talker's voice, it also picked up all of the surround- 
ing noise and echo, which quickly became unbearable for the 
far- end user. 

Industrial designers quickly realized that, by using special 
acoustically designed microphone housings, they could block 
out a certain level of noise while focusing the microphone pick- 
up at a certain location. Although this arrangement helped to 
increase the SNR (signal-to-noise ratio), echo still remained a 
pestering concern. 

A big step in making hands-free telematics a widely accept- 
able feature was the deployment of AEC (acoustic-echo-can- 
cellation) and noise-suppression software. Running on either 
general DSP platforms or on dedicated IC chips, these algo- 
rithms can reduce acoustic echo by 45 dB and suppress stationary 
noise by 10 dB. AEC and noise-suppression signal processing 
have significantly improved the voice quality of hands-free con- 
versations in the car cabin. However, for many of these soft- 
ware-DSP products, the user experience has still not reached 
the point at which everyday consumers could comfortably use 
the hands-free function. Users have given mixed reviews of sev- 
eral hands-free-car-kit models using software DSP on the mar- 
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Figure 2 SAM beam-forming technology uses one unidirectional 
microphone and one omnidirectional microphone that you can 
place very close to each other (5 mm, center to center). 



ket today, complaining about distorted sounds and robotic- 
sounding voices- 

ARRAY AND SMALL-ARRAY MICROPHONES 

The big leap in voice- interface technology is the array micro- 
phone- By arranging multiple microphones in an array, com- 
panies such as Fortemedia (www.fortemedia.com), AKG (www. 
akg.com), Knowles Acoustics (www.knowlesacoustics.com), and 
even Microsoft (www.microsoft.com) can further reduce sur- 
rounding noise, providing a more natural-sounding voice. Lever- 
aging the information gathered by the multiple microphones 
about the voice and surrounding environment, an array micro- 
phone can process the signals in such a way that effectively forms 
a beam to pick up the wanted signal and cancels out noise out- 
side the beam. Jaguar (www.jaguar.com) and Mercedes Benz 
(www.mercedes-benz.com) have deployed several hands-free car 
kits using array microphones in their XK models and E-Class 
cars, respectively, for example. 

Although there are improvements in noise suppression, the 
traditional array microphone is still impractical and limited in 



two ways. First, it requires at least 30 mm between each micro- 
phone, putting placement and space constraints on the end 
technology. Second, it can cancel noise only on a 2-D plane, 
which makes it harder to pinpoint the talker and allows noise 
to leak into the beam. Diffused noise, engine noise, rattling of 
the dashboard, and general road noise coming from above and 
below the pie-shaped beam cause major problems for voice- 
recognition-related applications. 

A new technology, SAM (small-array microphone), is the 
next step in the voice-interface market for noise-free commu- 
nication. Designers can use SAM, placing the microphones only 
5 mm apart (center to center), in practically any situation or 
application. SAM uses a fundamentally different algorithm from 
the traditional array microphone to process the voice, effectively 
forming a 3-D cone-shaped beam. As such, the system cancels 
out any noise outside the beam, whether above or below, with- 
out any leakage. 

TRADITIONAL BEAM-FORMING 

Traditional beam-forming uses the time delay between signals 
received at different microphones in the array. As such, the 
microphones are farther apart so that the information that each 
microphone receives is sufficiently different. The width of a 
broadside-array beam is based on the wavelength of the signal 
divided by the length of the aperture. So, at low frequencies at 
longer wavelength, the beam needs to be wider than that of 
higher frequencies at shorter wavelength. 

Due to the need to process the difference in time delay and 
the need to capture frequencies of 300 Hz to 3.3 kHz, the tra- 
ditional array microphones need to be at least 30 mm apart. This 
requirement brings about many limitations. 

In Figure 1, the two microphones are facing 0°, meaning that 
the beam center is the y axis. Now, assume the signal source at 
Point A is playing at the same decibel level as the signal source 
at Point B. Also assume that Point A and Point B are the same 
distance away from the center of the array. In this case, the sig- 
nal from Source A is suppressed, because the array microphone 
can obviously detect that Source A is outside the beam. (Time 
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Intersil Interface Products 



Intersil High Performance Analog 




Want a More 
Dependable Bus? 

Try a better Transceiver. Intersil's new 
ISL8308XE 5V Fractional (1/8) Unit Load, 
RS-485/RS-422 Transceivers incorporate "Hot 
Plug" functionality to keep your bus from 
crashing during power-up and power-down. 

That's not all. These devices feature 15kV ESD Protection; "Full 
Fail-Safe" design to ensure a high Rx output if Rx inputs are floating, 
shorted, or terminated but undriven; and low bus currents to allow up to 
256 transceivers on the network without violating the RS-485 network 
specification's 32 unit load maximum without using repeaters. 



HOT PLUG PERFORMANCE (ISL83080E) vs DEVICE 
WITHOUT HOT PLUG CIRCUITRY (ISL83086E) 
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Key Features: 

^ True 1/8 Unit Load allows up to 256 devices on the bus 

^ Hot Plug circuitry to maintain three-state Tx and Rx 
outputs during power-up and power-down 

^ Full Fail-Safe (open, short, terminated and floating) 
receivers 

^ ±15kV HBM ESD Protection on RS-485 I/O pins and 
Class 3 ESD Protection on all pins 

^ Available in Pb-Free and small MSOP packages 
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5V, High ESD, Fractional (1/8) Unit Load RS-485/RS-422 Key Specifications 



Datasheet and more info available 
at www.intersil.com/edn [j^ 



Device 


#ofTx/ 
#ofRx 


Devices 
Allowed 
on Bus 


Half/ 
Full 
Duplex 


High 
ESD? 


Hot 
Plug? 


Data 
Rate 
(Mbps) 


Slew 
Rate 
Limited? 


Tx/Rx 
Enable? 


ICC 
EN / DIS 

(mA) 


SHDN 

Ice 
(mA) 


Vcc 

Range 
(+V) 


Pkg. 


ISL83080E 


1/1 


256 


Full 


Yes 


Yes 


0.115 


Yes 


Yes 


530/530 


0.07 


4.5 to 5.5 


14 Ld SOIC 


ISL83082E 


1/1 


256 


Half 


Yes 


Yes 


0.115 


Yes 


Yes 


560/530 


0.07 


4.5 to 5.5 


8 Ld MSOP 
8 Ld SOIC 


ISL83083E 


1/1 


256 


Full 


Yes 


Yes 


0.5 


Yes 


Yes 


530/530 


0.07 


4.5 to 5.5 


14 Ld SOIC 


ISL83085E 


1/1 


256 


Half 


Yes 


Yes 


0.5 


Yes 


Yes 
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4.5 to 5.5 


8 Ld MSOP 
8 Ld SOIC 


ISL83086E 


1/1 


256 


Full 


Yes 


No 


10 


No 


Yes 


530/530 


0.07 


4.5 to 5.5 


14 Ld SOIC 


ISL83088E 


1/1 


256 


Half 


Yes 


No 


10 


No 


Yes 


560/530 


0.07 


4.5 to 5.5 


8 Ld MSOP 
8 Ld SOIC 
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delay to Microphone 1 is much longer than time delay to Micro- 
phone 2.) However, the signal from Source B is not suppressed; 
to the traditional array microphone, Source B is effectively in the 
middle on the beam, because the difference in time delay is exact- 
ly the same to Microphone 1 as to Microphone 2. This limita- 
tion applies to every plane throughout the z axis, as well as direct- 
ly behind the array (180°). Thus, the traditional array microphone 
can effectively suppress noise only in a 2-D manner. (In this exam- 
ple, the system cancels noise only on the xy plane.) 

SAM-BEAM-FORMING 

SAM-beam-forming technology is unlike traditional setups. 
It uses one unidirectional microphone and one omnidirectional 
microphone. Because you can place these two microphones only 
5 mm away from each other center to center, the information 
coming to both microphones is highly correlated — virtually the 
same. Consequently, the beam-forming capability relies on the 
intelligence of Fortemedia's patented voice-processing algorithm 
to decipher this information. 

Because you can place microphones of a SAM virtually right 
next to each other, the effective beam is a 3-D cone-shaped 
beam, which offers many advantages over the traditional array 
microphone. The setup in Figure 2 is the same as in Figure 1, 
except the receiving device is a SAM instead of the tradition- 
al array microphone. To the SAM, the signals from Source A 
and Source B are exactly the same — in this case, both outside 
the beam. This situation applies throughout the y axis, form- 
ing a 3-D cone-shaped beam. The technique effectively sup- 



presses noise above, below, and behind the beam. Figure 3 com- 
pares the effective beam of a traditional array microphone with 
that of a SAM. 

VALUE TO END USERS 

We've come a long way since the early days of using just a 
plain microphone as the input device. Undoubtedly, we will 
continue to use the phone in the car. And, based on legislative 
developments around the world, we will need to do it using 

hands-free kits. So, what does this sit- 

uation mean for users? With SAM 
technology, On-Star users, for exam- 
ple, will experience higher voice- 
recognition rates when using the auto- 
mated systems; the systems will sup- 
press engine noise, road noise, and the 
rattling of the dashboard. Users will 
also be able to barge in and interrupt 
the automated system when necessary. During a person-to-per- 
son conversation, the far-end user will never notice the noises 
and rattles from the car cabin. With the SAM, calls you make 
in the car will be just as clear as calls you make from your liv- 
ing room.B)N 
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Designing a multi-standard radio platform? 

PMR/LMR, Trunking, OMRS, FRS, PMR446, MURS, Marine VHP, 
Aviation and Amateur Radio 



Need a feature rich, flexible, upgradeable device? 
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Trackable, Phase-Lockable, Current Sharing Monolithic DC/DC Converters 

obtaining a high current output in a compact circuit footprint is easy- thanks to Linearis growing family of high switching 
frequency, synchronous monolithic step-down DC/DC converters. Key features include current mode topologies for excellent 
line and load transient response, spread spectrum operation for low EMI, output currents up to 8A from a single package, 
high conversion efficiency to minimize thermal issues, input tracking for easy supply sequencing and the ability to stack 
multiple converters in parallel for accurate current sharing of up to 84A output current. 



Selected Monolithic Converters 



Part 
Number 


V|N Range 
(V) 


'out 
(A) 


Freq. 
(MHz) 


Package 


Features 


LTC®3412 


2.625 to 5.5 


2.5 


4 


TSS0P-16E/QFN 


VOUT(MIN) = 0-8V 


LTC3413 


2.25 to 5.5 


±3 


2 


TSS0P-16E 


For DDR/QDR 


LTC3414 


2.25 to 5.5 


4 


4 


TSSOP-20E 


VOUT(MIN) = 0-8V 


LTC3416 


2.25 to 5.5 


4 


4 


TSSOP-20E 


Tracking Input 


LTC3415 


2.5 to 5.5 


7 


2 


QFN 


Polyphase®, Stackable 


LTC3418 


2.25 to 5.5 


8 


4 


QFN 


Tracking Input 



Info & Online Store 



www.linearxom 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 




£J, LTC, LT and PolyPhase are registered trademarks and 
ThinSOT, No Rsense and SwitcherCAD are trademarks of 
Linear Technology Corporation. All other trademarks are 
the property of their respective owners. 




mm. 

TECHNOLOGY 



16-Bit, 130Msps ADC 



tOOdBc Spurious Free Dynamic Range 
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LTC2208 with Internal Dither Achieves lOOdB SFDR from a Single 3,3V Supply 

Linear Technology extends its leadership in high-speed ADCs with the LTC®2208, the fastest 16-bit ADC. The LTC2208 
delivers exceptional dynamic range performance for the most demanding wideband, low noise, signal acquisition appli- 
cations. This high performance family offers two unique performance enhancements: an internal transparent dither 
circuit that dramatically improves SFDR for low level input signals and a digital output randomizer that suppresses the 
effects of coupling from the ADC outputs. 



▼ Features 



16-Bit ADC Family 



Info & Online Store 



• 16-bits, 130Msps, 1250mW 

• 78dB SNR, lOOdB SFDR 

• PGA Front End, 2.25Vp_p or 
1.5Vp_p Input Ranges 

• Internal Transparent Dither 

• Digital Output Randomizer 

• LVDS or CMOS Outputs 

• Single 3.3 V Supply 

• Clock Duty Cycle Stabilizer 

• 9mm X 9mm OFN Package 



Part No. 


Speed 


SNR 


Power 


LTC2208 


130Msps 


78dB 


1250mW 


LTC2207 


105Msps 


78dB 


850mW 


LTC2206 


SOMsps 


78dB 


650mW 


LTC2205 


65Msps 


79dB 


450mW 


LTC2204 


40Msps 


79dB 


350mW 


LTC2203 


25Msps 


81dB 


220mW 


LTC2202 


lOMsps 


81dB 


150mW 



www.linearxom/2208 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 



XT LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their 
respective owners. 
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READERS SOLVE DESIGN PROBLEMS 



Programmable analog circuits yield 
single-chip sinusoidal oscillators 

Stefano Salvatori and Paolo Lorenzi, University of Rome, Rome, Italy 



Programmable- logic devices pro- 
vide a popular method of imple- 
menting complex functions in digital 
designs- Although manufacturers don't 
yet offer analog circuits whose com- 
plexity compares to VLSI digital cir- 
cuits, field-programmable analog cir- 
cuits are enjoying extensive use in sig- 
nal-conditioning and filtering applica- 
tions- Based on CMOS-operational- 
transconductance and switched-capa- 
citor amplifiers, these devices offer a 
convenient approach to relatively 
complex design problems. Lattice 
Semiconductor's (wwwdatticesemi. 
com) ispPAClO in- system-program- 
mable analog circuit and its accompa- 
nying PAC Designer software offer a 
convenient method of circuit design 



and verification (Reference !)♦ This 
Design Idea presents two simple sinu- 
soidal oscillators based on the isp- 
PAClO. 

Resistors within the ispPAClO are 
fixed at a nominal 250 kll, and all 
capacitors are user-selectable from 
1.07 to 61.59 pF. Figure 1 shows an isp- 
PAClO with its internal blocks 1, 2, 
and 4 connected as a cascade of three 
first-order lowpass filters to form a clas- 
sic phase-shift RC oscillator. Altering 
the capacitors' values produces oscilla- 
tion frequencies over a range of 18 to 
130 kHz. Each PAC block's gain is fixed 
at a factor of two to obtain a loop gain 
of —8, which Barkhausen's condition 
for oscillation requires (Reference 2). 
Configured from Block 3, a first-order 



DIs Inside 

80 Enhanced, three-phase VCO 
features ground-referenced outputs 

84 Improved current monitor deliv- 
ers proportional-voltage output 

What are your design problems 
and solutions? Publish them here 
and receive $150! Send your 
Design Ideas to edndesignideas® 
reedbusiness.com. 



lowpass filter reduces the THD (total 
harmonic distortion) on the oscillator's 
output. The values of capacitors in 
Block 3 are optimized for filtering per- 
formance and thus differ from those of 
the phase-shift stages. 

The circuit in Figure 2 describes a 
two- integrator loop that forms a clas- 
sic quadrature-RC oscillator. The cir- 
cuit's oscillation frequency spans 1 2 to 
126 kHz and depends on the time con- 



OUT1 



IN1 



IN2 



OUT2 



36.05 pF 



IA2 




20.91 pF 



-±r 2.5V 




2.5V - 



2 PAC BLOCK 2 



36.05 pF 



36.05 pF 



OA, 




-±r 2.5V 



^4 




PAC BLOCK 4 



2.5V -±r 



IA7 



lAphO 



OUT3 



IN3 



IN4 
OUT4 



UES BITS=00000000. 



Figure 1 Based on a Lattice Semiconductor ispPACI programmable analog circuit, this phase-shift sine-wave oscilla- 
tor and lowpass filter require no external components. The values are for a 30.4-kHz oscillator. 
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OUT1 



OUT3 




OUT4 



OUT2 



UES BITS=00000000. 



Figure 2 Cascaded dual integrators implement a quadrature sine-wave oscillator, with blocks 3 and 4 forming a low- 
pass filter. Again, the circuit design uses no external components. The values shown are for a 27.2-kHz oscillator. 



stants of the integrators that blocks 1 
and 2 form. In theory, each integrator's 
gain should have an absolute value of 
unity, but, in practice, ispPAC allows 
specification only of inverting inte- 
grators, and producing a stable sinu- 
soidal signal requires a gain of at least 



— 4 in Block L The circuit uses a gain 
of —10. Two additional blocks of the 
ispPAClO device form a second-order 
lowpass filter that decreases the out- 
put's THD. In both oscillator circuits, 
you can alter the lowpass filters' gain 
so that the circuit's outputs deliver 



specific voltages, such as IV p-p, at all 
frequencies. 

Tables 1 and 2, respectively, contain 
summaries of the phase-shift and 
quadrature oscillators' components 
and output characteristics. refers to 
the value of the capacitor used in the 



TABLE PHASE-SHIFT OSCILLATOR 



(pF) 


(pF) 


C3 
(pF) 


1 

(pF) 1 


1 (kHz) 


Af (kHz) 
at -20 dB 


THD 
(dB) 


5.46 


5.46 


5.06 


5.46 


130.1 


6 


-25 


6.92 


6.92 


5.92 


6.92 


115.4 


6 


-30 


7.77 


777 


6.92 


777 


109.9 


6 


-30 


9.19 


9.19 


6.92 


9.19 


978 


2.5 


-32 


14.62 


14.62 


9.19 


14.62 


679 


2.5 


-39 


20.91 


20.91 


12.78 


20.91 


50.1 


2.5 


-40 


^ 36.05 


36.05 


20.9-nBi 


W 36.05 


30.4 


1.2 


-40 


61.59 


61.59 


35.25 


61.59 


177 


0.6 


-41 



TABLED QUADRATURE OSCILLATOR 



(pF) 


(pF) 


C3 
(pF) 


(pF) 


1 

(kHz) 


Af (kHz) 
at -20 dB 


THD 
(dB) 


1.07 


1.07 


5.06 


5.06 


125.9 


6 


-27 1 


3.56 


3.56 


5.92 


5.92 


105.1 


6 


-25 


5.92 


5.92 


777 


777 


80.4 


2.5 


-30 ] 


777 


777 


9.62 


9.62 


66.3 


2.5 -34 


14.22 


14.22 


15.45 


15.45 


41.7 


2.5 -40 J 


25.08 


25.08 


23.26 


23.26 


27.2 


1.2 


-40 


40.08 


40.08 


26.29 


26.29 


18.6 




-42 1 


50.01 


50.01 


35.25 

40.98^jHg| 


35.25 


15 


0.6 


-42 
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Low Noise CMOS 



Low Frequency Noise 



Higli Frequency Noise 




Competitors 
Op Amp Noise Dominates 




LTC6241 
en=7nV/VHz 
1IVIQ R Noise Dominates 



0.1Hz to 10Hz Input Referred 



1lcHz to lOOIcHz Noise Voltage Density 

IpF 

2pF 1 mn 

Diode ^^^^^ 

IpA, 125}iV CMOS Amplifier Shatters the Noise Barrier 

The LTC®6241 minimizes a fundamental error source, voltage noise, inherent in conventional CMOS amplifier designs. 
For the first time, designers of high precision systems can obtain superb DC precision with unprecedented low noise, 
with a high input impedance CMOS op amp. Featuring exceptionally low noise over a wide frequency range, the LTC6241 
allows maximum signal resolution in demanding applications. 




▼ Features 



O.lHz to lOHz Noise: 550nVp.p 
IpA Input Bias Current 
125iiVMax. Offset Voltage 
2,5\NrC Max. Offset Drift 
124dB Voltage Gain 
18MHz Gain Bandwidth Product 
3pF Input Capacitance 
Rail-to-Rail Output 
2.8V to 1 IV Supply Operation 
3mm X 3mm DFN <Sl SO-8 Packages 
LTC6241 (Dual): 
$1.25 each in IkOty. 



Vqs Distribution 
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▼ Info & Online Store 



www.linear.com 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 
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XT LTC, LT are registered trademarks and Hot Swap and 
ThinSOT are trademarks of Linear Technology Corporation. All 
other trademarks are the property oj their respective owners. 
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JTAG 



ISPPAC10 



OUT 



Figure 3 Either ispPACIO circuit's implennentation can serve as a foundation for 
a programmable oscillator by adding a microcontroller and nonvolatile storage. 



nth PAC block for oscillation at fre- 
quency f^- The design uses a Tektron- 
ix TDS1002 digital oscilloscope's FFT 
function to measure THD and the 



spectral line width of each output fre- 
quency at a level of —20 dB with 
respect to the central frequency, f^. 
Figure 3 illustrates the application of 



a microcontroller to dynamically 
reconfigure an ispPAC-based oscillator 
for specific frequencies. The non- 
volatile memory stores frequency- spe- 
cific capacitance and gain values for 
each of the ispPAClO's circuit blocks. 
Data transfers occur using the IEEE 
1149.1 JTAG-standard protocol 
through the ispPAClO's serial test- 
access-port interface.EDN 

REFERENCES 

CI PAC Designer software, www. 
Iatticesemi.com. 

3 http://jlnlabs.imars.com/spgen/ 
barkhausen.htm. 



Enhanced, three-phase VCO features 
ground-referenced outputs 

Harry Bissell Jr, Welding Technology Corp, Farmington Hills, Ml 



Three-phase VCOs (voltage- 
controlled oscillators) see serv- 
ice in many applications, including 
power inverters and in electronic-music 
synthesis as control and modulation 
sources. A previous Design Idea 
describes a basis for a simple, three- 
phase VCO (Reference 1). However, 
adding a few components enhances the 
circuit's performance. The original cir- 
cuit delivers an output of only 600 mV 
p-p and cannot tolerate substantial 
loading, especially at low operating fre- 
quencies at which the circuit draws the 
least operating current. Providing ac 
coupling for the output signals doesn't 
work well at low frequencies and wors- 
ens the loading problem. Finally, the 
circuit's dc operating point varies with 
frequency. 

The circuit in Figure 1 elegantly 
overcomes these limitations. The orig- 
inal circuit uses three of six of a 
CD4069UB hex inverter's subcircuits. 
One of the spares, IC^^, senses the 
complete circuit's dc operating point. 
Resistor provides linear feedback 
around IC^^, forcing the input voltage 
at Pin 9 to equal the output transition 
threshold voltage over a range of oper- 



ating currents. In other words, the volt- 
age is proportional to the average dc 
value of the sinusoidal output wave- 
forms. 

A voltage follower, IC^^, buffers the 
averaged voltage at IC^^'s Pin 8. The 
remaining sections of IC^ buffer the 
oscillator's three outputs, equalizing the 
loading on the oscillator and providing 
low- impedance drive to three differen- 
tial amplifiers: IC3^, IC3g, and 
The differential stages subtract the dc 
offset voltage from IC^^ from the 
buffered three-phase outputs. You can 
alter the voltage gain of the three dif- 
ferential amplifiers from its nominal 
factor of five to suit other applications. 

Zener diode limits the voltage to 
lOV at IC^'s Pin 14- At low frequencies 
and currents, the oscillator's dc operat- 
ing point can easily exceed the linear 
range of IC^'s inputs. You can use rail- 
to-rail-capable operational amplifiers 
instead of LM324-'family devices. Note 
that the inputs of IC^'s remaining 
unused inverters connect to IC^'s Pin 7 
and not to circuit ground per normal 
practice. 

Adding an exponential current 
source eases the task of adjusting the 



circuit over a wide frequency range. 
Transistors and and their asso- 
ciated components form a simple 
exponential voltage-to-current con- 
verter. For best results, the base-emit- 
ter voltages of and should match 
at the circuit's nominal operating cur- 
rent — 100 |jlA — and you should ther- 
mally couple both transistors. If your 
application requires precise thermal 
tracking, replace R^ with a Z-kH tem- 
perature-compensating resistor with a 
coefficient of 3500 ppm/°C, such as a 
Tel Labs Q8 1 , which is available from 
such companies as Precision Resistor 
(www.precisionresistor.com) . Place 
this resistor in thermal contact with 
and Temperature-compensat- 
ing resistors are also available from 
Micro-Ohm (www.micro-ohm.com), 
Vishay (www.vishay.com), Ultronix 
(www.ultronix.com), and KRL Bantry 
( www.krlbantry.com) . 

Using the component values in Fig- 
ure 1 , the circuit's operating frequen- 
cy spans 0.1 to 26 Hz. Adding the com- 
ponents in this Design Idea reduces the 
circuit's dc operating-point shift from 
5.5V to less than 25 mV over the fre- 
quency range. Most of the frequency 
{continued on pg 84) 



80 EDN I JANUARY 19, 2006 



advertisement 

























wan 




A 




7 












J 

1 


J 

■E( 


U 


\IC 


/J 

•LC 




v. 























DESIGN 
NOTES 



Fast, High Efficiency, Standalone NilVIH/NiCd Battery CInarging 

Design Note 380 
Fran Hoffart 



introduction 

Although recent popular attention is focused on Lithium 
Ion batteries, one must not forget that other battery 
chemistries, such as Nickel Cadmium (MiCd) and Nickel 
Metal Hydride (NiMH) have advantages in rechargeable 
powersystems. Nickel-based batteries are robust, capable 
of high discharge rates, have good cycle life, do not 
require special protection circuitry and are less expensive 
than Li-Ion. Among the two, NiMH batteries are rapidly 
replacing NiCd because of their higher capacity (40% to 
50% more) and the environmental concerns of the toxic 
cadmium contained in NiCd batteries. 

The LTC®4010 and LTC4011 are NiCd/NIMH battery 
chargers that simplify Nickel-based battery charger 
design and include power control and charge termination 
for fast charging up to 16 series-connected cells using a 
synchronous bucktopology. The LTC4011 provides afull 
feature setina20-leadTSSOPwhiletheLTC4010comes in 
a 1 6-lead TSSOR The LTC401 removes the PowerPath™ 
control output, top-off charge indicator, DC power sense 
input and provides limited thermistor options. 



Mm 
9V to 30V ■ 



LEDS 



:3k >3k 



NiCd/NiMH Battery Charging Basics 

Batteries come in many sizes and capacity ratings. 
When specifying charge current, it is commonly related 
to a battery's capacity, or simply "C". The letter "C" is a 
term used to indicate the manufacturers' stated battery 
discharge capacity which is measured in milliamp-hours 
(mAh). This capacity rating becomes important when 
fast charging because it determines the required charge 
current for proper charge termination. 

There are several commonly used methods for charging 
Nickel batteries. They are all related to the length of the 
charge cycle which determines the recommended charge 
current. A slow charge (or low rate charge) consists of a 
relatively low charge current, typically 0.1C, applied for 
approximately 14 hours set by a timer. A quick charge 
applies a constant current of approximately 0.3C to the 
battery while a fast charge applies a constant current of 
1C or higher. Both quick and fast charge cycles require 
that the charge current terminate when the battery 
becomes fully charged. 

jLJ, LTC and LT are registered trademarks and PowerPath is a trademark of Linear 
Technology Corporation. All other trademarks are the property of their respective 
owners. 
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Figure 1. Full Featured Standalone 2A, 4-Cell NiMH Fast Charger with PowerPath Control 
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During a fast charge cycle, a constant current is applied 
to the battery while allowing the battery voltage to rise 
to the level required (within limits) to force this current. 
As the battery accepts charge, the battery voltage and 
temperature slowly rise. As the battery approaches full 
charge, the voltage rises faster, reaches a peak, then 
begins to drop (-AV); at the same time, the battery 
temperature begins to quickly rise (AT/At). Most fast or 
quick charge termination methods use one or both of 
these conditions to end the charge cycle. 

Complete 4-Cell NiMH Battery Ciiarger 

Figure 1 shows a fast, 2A charger featuring the 
high efficiency LTC4011 550kHz synchronous buck 
converter. The LTC4011 simplifies charger design by 
integrating all of the features needed to charge Ni-based 
batteries, including constant current control circuitry, 
charge termination, automatic trickle and top off 
charge, automatic recharge, programmable timer, 
PowerPath control and multiple status outputs. Such a 
high level of integration lowers the component count, 
enabling a complete charger to occupy less than 4cm2 
of board area. 

Initial battery qualification verifies that sufficient input 
voltage is presentforcharging and thatthe battery voltage 
and battery temperature are within an acceptable range 
before charging at full current. For deeply discharged 
batteries, a low current trickle charge is applied to raise 
the battery voltage to an appropriate level before applying 
full charge current. When qualification is complete, the 
full programmed constant-current begins. 

Standalone Charge Termination 

The charge termination methods used by the LTC4010 
and LTC4011 utilize battery voltage and battery 
temperature changes to reliably indicate when full 
charge is reached as a function of the charge current 
selected. The charge current must be sufficiently high 
(between 0.5C and 2C) for the battery to exhibit the 
voltage and temperature profile required for proper 
charge termination. Figure 2 shows a typical fast-charge 
profile displaying charge current, battery temperature 
and per cell voltage. This profile indicates thatthe charge 
cycle terminated due to the rate of temperature rise 
or AT/At. 



The -AV charge termination algorithm begins shortly 
after the full charge current starts flowing. A fixed delay 
time prevents false termination due to battery voltage 
fluctuations from batteries that are deeply discharged 
or haven't been charged recently. For batteries that are 
near full charge, the -AV termination sequence begins 
immediately to prevent overcharging. 

During the charge cycle, both the -AV and AT/At 
termination methods are active. For NiMH batteries, 
the -AV termination requires thatthe single cell battery 
voltage drop 10mV from the peak voltage or the rate- 
of-temperature rise (AT/At) be greater than rc/minute. 
The measurements are taken every 30 seconds and the 
results must be consistent for four measurements for 
termination to take place. Typically the AT/At termination 
method occurs earlier in the charge cycle. If this occurs, 
the LTC401 0/4011 adds a top-off charge at a reduced 
charge current for 1/3 of the programmed time. Top-off 
only occurs when charging NiMH batteries. 

After the charge cycle has ended, the charger continues 
monitoring the battery voltage. If the voltage drops below 
a fixed threshold level, due to an external load on the bat- 
tery or self-discharge, a new charge cycle begins with the 
charge termination algorithms immediately enabled. 
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Figure 2. Typical NiMH Fast Charge Profile 
Conclusion 

The LTC4010 and LTC4011 provide complete standalone 
solutions for reliable, robust and safe fast charging of 
NiCd and NiMH batteries. Proper charging is critical to 
not only obtain maximum battery capacity but to also 
avoid high temperatures, overcharge and other conditions 
which adversely affect battery life. 
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error occurs at the low end of the fre- 
quency range, at which it's the least 
obj ectionable.EDN 



REFERENCE 

CI Dutcher, Al, "Inverters form three- 
phase VCO," ED/V, Aug 2, 2001 , 



pg 1 02, www.edn.conn/article/ 
CA149120. 




-15V 



NOTES: 

PLACE AND IN THERMAL CONTACT 

FOR BEST STABILITY, USE NONPOLARIZED CAPACITORS FOR C2, C3, AND C4. 
DOTTED LINES BETWEEN AND Q2 INDICATE THERMAL CONTACT 



Figure 1 Adding differential and buffer amplifiers and an exponential voltage-to-current converter enhances the perform- 
ance of a low-frequency, three-phase voltage-controlled oscillator. 



Innproved current monitor delivers 
proportional-voltage output 



Susanne Nell, Breitenfurt, Austria 

□ This Design Idea expands the 
capabilities of a previously pub- 
lished one (Reference 1 )♦ The original 
version featured a current transformer 
whose secondary winding formed part 
of an oscillator's tank circuit. Under 



normal conditions, direct current flow- 
ing through the current transformer's 
single-turn primary winding kept the 
circuit from oscillating until primary 
current flow ceased- Although the cir- 
cuit acted as a power- interruption 



detector, when you add a few compo- 
nents, the operating principle lends 
itself to measurement applications. 
This revised circuit delivers an accurate 
linear-voltage output that's propor- 
tional to direct current flow through 
current-sense transformer T^'s primary 
winding (Figure 1). In addition, the 
circuit also offers possibilities as an ac 
current sensor. 

To achieve improved performance, 
the design retains the original oscillat- 
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INDUSTRY'S HIGHEST MIPS/mA, 
16-BIT FLASH MICROCONTROLLER 

The MAXQ2000 microcontroller is designed around an innovative, one-clock/instruction, 16-bit RISC architecture. 
MAXQ™ technology combines high performance and low power with a variety of complex peripheral functions. 





17x8 DISPLAY 
RAM 







132-SEGMENT LCD 
CONTROLLER/ 
DRIVER 



^^^g L/^^\ 16x16 HARDWARE 
\g MULTIPLIER 



<;=y> 1-Wire®MASTER <;=^ g 



16-BIT MAXQ™ 
RISC CPU 



32k X 16 FLASH ROM 
(64kB) 



^^^^ 1kx 16 DATA RAM 



(2kB) 




INDUSTRY'S HIGHEST MIPS/mA* 



E 



IVIAXQ2000 Competitor 1 Competitor 2 Competitors 
*(MACHINE CYCLES/CLK)(AVERAGE INSTRUCTION/MACHINE CYCLE)(MHz/mA) 



Microcontroller Features 

♦ 20IVIHZ Max Operating Frequency 

♦ Performance Approaches 1 mips/MHz 

♦ 64kB Flash, 2kB RAM 

♦ 16-Bit Instruction, ALU, and Data Path 

♦ 33 Total Instructions Simplify Programming 

Low-Power Features 

♦ <1pA Typical Stop-Mode Current 

♦ 5.1mA Flash Operating Current at 20MIPS 



Peripherals 

♦ 2 UARTs, SPI Master/Slave Interface 

♦ Up to 132-Segment LCD Controller 

♦ 16x16 Hardware Multiplier with 
48-Bit Accumulator 

♦ 32-Bit Binary Real-Time Clock 

Tools 

♦ Complete Range of Development Tools 
Includes C Compiler, ICE, and IDE 



For a Detailed Comparison of Normalized MIPS/mA, Visit www.maxim-ic.com/MAXQ 



Part 


Temperature Range 


Program Memory 
(kB Flash) 


Data Memory 
(kB SRAM) 


LCD 
Segments 


Ext 
INTS 


Package 


MAXQ2000-RAX 


-40 to +85 


64 


2 


132 


16 


68-QFN 


MAXQ2000-RBX 


-40 to +85 


64 


2 


100 


14 


56-TQFN 



MAXQ is a trademark of Maxim Integrated Products, Inc., and 1-Wire is a registered trademark of Dallas Semiconductor Corp. 
SPI is a trademark of Motorola, Inc. 
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CALL TOLL FREE 1-800-998-8800 (7:00 a.m.-5:00 p.m. PT) 
For a Design Guide or Free Sample 
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100 nF 



ing'Circuit concept and adds a 
PLL circuit and one addition- 
al winding to the current 
transformer whose secondary 
forms an LC oscillator's reso- 
nant circuit- Integrating a 
74HC4046, IC^, the PLL 
measures the frequency of an 
LC oscillator comprising 
and its associated components 
and compares it with a fixed- 
frequency internal VCO (voL 
tage-controUed oscillator). 
The PLLs phase-comparator 
output drives a current source 
comprising and Q3, which 
in turn feeds current to an 
additional winding on the cur- 
rent-sense transformer's core. 

Sources of T^'s ferrite core 
include Epcos (www.epcos. 
com), which offers the B642- 
90L 632x87-toroid 20X 
10X7 material N87; Pramet 
(wwwpramet.com), which of- 
fers Fonox Type T20 material 
H60; Vacuumschmelze (www. 
vacuumschmelze.com), with 
the VAC T60006L2020- 
W409-52; and other manu- 
facturers. Depending on the 
ferrite material you use, the 
circuit will operate to some 
degree with virtually any fer- 
rite toroidal core. (It is difficult 
to simulate this circuit using 
PSpice or other simulators; for accurate 
results, you need a complex model that 
accurately portrays the core's nonlinear 
behavior at various current levels.) 

The added winding induces magnet- 
ic flux in the core, decreasing its per- 
meability and inductance and raising 
the LC oscillator's frequency. When the 
oscillator's frequency matches the 
VCO (reference) frequency, the circuit 
reaches an equilibrium state. An in- 
creasing or decreasing current through 
the compensation coil balances any 
additional magnetic flux that dc cur- 
rent flowing through the measurement 
coil produces. 

Within the PLL's frequency-tracking 
range, the current waveform through 
the compensation coil has the same 
shape as fluctuations of the measured 



CURRENT TO MEASURE 
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12 




5 



GIN 
SIN 

CIA 
GIB 
R1 
R2 



IG1 
74HG4046 



VGOUT 
PI 
P2 
P3 
PP 




R7 : 

100k- 




C9 
2.2 |jlF 



Q3 

'BG558 



TOXOID CON1 
5 FERRITE 
GORE 

50' TURNS 



ov 

u 



GON2 
VOLTAGE 
OUTPUT 



POWER SUPPLY 



5VO- 



'r47|jLF 4q 

I _«J gon: 



Figure 1 This current sensor uses a variable-frequency oscillator, Q^, and a PLL, IC^, 
to measure current in an isolated circuit. 



current. The turns ratio of l-to-250, 
which also represents the ratio of cur- 
rents in transformer T^ establishes a 
secondary current of 10 mA for a pri- 
mary current of 2. 5 A. If the PLL cir- 
cuit's gain is sufficient and the ferrite 
core's region of operation avoids satu- 
ration, the circuit's closed-loop config- 
uration maintains the core's magnetic 
flux at a constant value and thus min- 
imizes the effects of core-material non- 
linearities. 

Measuring the voltage difference 
across resistor shows that the circuit's 
output voltage is linearly proportional 
to the compensation current, and R^'s 
resistance scales the voltage output. For 
lOOn at R5, a 1 V output corresponds to 
a primary-side current of 2. 5 A. With 
zero current flowing in the single-turn 



primary winding, calibrate the circuit's 
range by adjusting potentiometer R^^ to 
a set operating point. A voltage drop of 
2 V across R^ sets a measurement range 
of +5 to —5 A. To accommodate other 
measurement ranges, you can alter T^'s 
turns ratio or vary the compensation 
current by using different values for R^ 
and R^^. Use a well-regulated power 
supply to provide power for the circuit. 
You may be able to replace the 
74HC4046 with a software PLL-emu- 
lation routine that uses a microcon- 
troller's spare processing resources.EDN 

REFERENCE 

n Ackerley, Kevin, "Innpedance trans- 
fornner flags failed fuse," EDA/, Dec 
1 7, 2004, pg 67, www.edn.conn/ 
article/CA486572. 
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MULTIVOLTAGE TRACKER/SEQUENCERS 
ENSURE PRECISE POWER UP 
AND POWER DOWN 



3.3V I/O 




INTERNAL 100Q 
PULLDOWN DISCHARGES 
OUTPUT CAPACITORS 



USE CAPACITORS TO SET 
OUTPUT SLEW RATE, 
SEQUENCING/TRACKING DELAY, 
AND POWER-GOOD TIMEOUT 



EV KIT 
C AVAILABLE 
NOW 



A 



TRACK UP TO THREE VOLTAGES ON 
POWER UP AND POWER DOWN 




Part 


No. of 
Voltages 


Track or 
Sequence 


Power-Good 
Output 


Margin 
Input 


Latch/ 
Autoretry 


MAX6877 


3 


Track or sequence 


/ 


/ 


/ 


MAX6878 


2 


Track or sequence 


/ 


/ 


/ 


MAX6879 


2 


Track or sequence 






/ 


MAX6880 


3 


Sequence only 


/ 


/ 




MAX6881 


3 


Sequence only 








MAX6882 


2 


Sequence only 


/ 


/ 




MAX6883 


2 


Sequence only 









Beats the Competition Four Ways 



Lower Total System Cost 

♦ Independent Charge Pumps for Each Channel 
Allow Use of Low-Cost, Logic-Level MOSFETs 

More Available Features 

4 Margin Input, Enable Input, and Latch or 
Autoretry on Tracking Fault 



More Flexibility 

4 Track/Sequence Power-Supply Rails 
4 Adjustable Input Thresholds, Slew Rate, Sequencing/ 
Tracking Delay, and Power-Good/ Reset Timeout 
Smaller 

4 4mm X 4mm Package Saves Board Space 
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HSEE MP Supervisors Design Guide — SbiA Within 24 Hours! 
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Ultra-compact 
CSP package 



Compatible with 
ceramic capacitors 




High-ripple 
rejection 63dB 



Miniaturizing Portable Devices 

ROHM CMOS LOO Regulators 



Standard CMOS LDO Regulators 



■Bi-CMOS process results in low current 
consumption 40jl/A ensuring suitability with 
portable equipment. 

■70dB ripple rejection rate due to built-in phase 
compensation circuit. 



Part number 


Output 
voltage (V) 


Output voltage 
accuracy(%)(mV) 


Output 
currdnt 


Input 
voltage 
(V) 


Ripple 
rejection 
(dB) 


Bias 
current 
(A'A) 


/O voltage 
differenbe 
lo::100mA(mV) 


Load regulation 
lo=1 to 100mA 
(mV) 


Input 
capacitor 


Output 
capacitor 


BHDDFBIWG 


2.5, 2.8, 2.9, 


±1% 










250 






2.2 


BHDDFBIWHFV 


3.0, 3.1,3.3 


(Vo=2.5 to 3.3V) 


150 


2.5 
to 
5.5 


70 


40 


10 


0.1 


BHDDLBIWG 


1.5, 1.8 


+25mV 




1 


BHDDLBIWHFV 


1.5,1.8,1.85 


(Vo=1 .5,1 .8,1 .85V) 

















Large Current CMOS LDO Regulators 



■Stable load regulation as low as 6mV. 
■Ultra-low dropout voltage: 60mV. 



Part number 


Output 
voltage (V) 


Output voltage 
accuracy (%)(mV) 


Output 
current 
(mA) 


Input 
voltage 
(V) 


Ripble 
rejection 

m 


Bias 
current 
(A'A) 


/O voltage 
difference 
lo::100mA(mV) 


Load regulation 
lo=1 to 100mA 
(mV) 


Input 
capacitor 


Output 
capacitor 


BHDDMASWHFV 


1.5,1.8, 2.5, 
2.8, 2.9, 3.0, 
3.1,3.3 


±1% 

{Vo=2.5 to 3.3V) 

±25mV 

{Vo=1 .5,1 .8V) 


300 


2.5 
to 
5.5 


60 


65 


60 


6 


1 


1 



Ultra-compact CMOS LDO Regulators Suitable for High-density Mounting 



■Highly reliable ultra-compact package. 



■Ultra-compact CSP (Chip Size Package) 
for high power capability. 



Part number 


Output 
voltage (V) 


Output voltage 
accuracy (%)(mV) 


Output 
current 
(mA) 


Input 
voltage 
(V) 


Ripple 
rejection 
(dB) 


Bias 
current 
(/vA) 


/O voltage 
difference 
loilOOmA(mV) 


Load j-egulation 
lo=1 ^ 100mA 
(mV) 


Input 
capacitor 
(/vF) 


Output 
capacitor 


BHDDRBIWGUT 


1 .5, 1 .8, 2.5, 
2.8, 2.9, 3.0, 
3.1,3.3 


±1% 

{Vo=2.5 to 3.3V) 

±25mV 

{Vo=1 .5,1.8V) 


150 


2.5 
to 
5.5 


63 


34 


100 


2 


1 


1 



High-ripple Rejection CMOS LDO Regulators for High-frequency Circuits 



iHigh-ripple rejection rate of 80dB due to 
proprietary phase compensation circuitry. 



■stable load regulation: 6mV. 



Part number 


Output 
voltage (V) 


Output voltage 
accuracy (%)(mV) 


Output 
current 
(mA) 


Input 
voltage 
(V) 


Ripple 
rejection 
(dB) 


Bias 
current 
(^A) 


loilOOmA(mV) 


Load regulation 
lo=1 to 100mA 
(mV) 


Input 
capacitor 


Output 
capacitor 
(^F) 


BHDDNBIWHFV 


2.5, 2.8, 
2.85, 2.9, 3.0, 
3.1,3.3 


±1% 

(Vo=2.5 to 3.3V) 


150 


2.5 
to 
5.5 


80 


60 


250 


6 


0.1 


2.2 



CMOS LDO Regulators with Auto Power Saving Function 



■Built-in auto power saving function limits 
standby current consumption. 



■Output discharge function ensures a 
stable startup sequence. 



Part number 


Output 
voltage (V) 


Output voltage 
accuracy(%)(mV) 


Output 
current 
(mA) 


Input 
voltage 
(V) 


Ripple 
rejection 
(dB) 


Bias 
current 
(iwA) 


I/O voltage 
difference 
lo=100mA(mV) 


Load regulation 
lo=1 to 100mA 
(mV) 


Input 
capacitor 
(;wF) 


Output 
capacitor 
(mF) 


BHDDPBIWHFV 


1.2,1.5,1.8, 
2.5, 2.8, 2.9, 
3.0, 3.1,3.3 


±1% 

{Vo=2.5 to 3.3V) 

±25mV 

(Vo=1 .2,1 .5,1.8V) 


150 


1.7 

to 
5.5 


60 


2 

(PowerSave) 

20 

(High-speed) 


250 


10 


0.47 


0.47 
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Low-noise charge pump/linear regulator 
targets wireless-handset applications 

Functioning as a charge pump and a linear regulator, the low-noise CM4072 
LED driver runs at 250 kHz for powering white LEDs to backlight TFT (thin- 
film-transistor) LCDs in wireless devices- By integrating the charge pump and lin- 
ear regulator into one chip, the charge-pump circuitry boosts the input voltage 
and sends it to the linear regulator to provide a constant 5 V output and a 200 mA- 
output current- For brightness control of the white LEDs, the baseband processor 
sends a PWM signal to the enable pin. The device supports white LEDs at 25 mA 
each to backlight higher resolution QVGA TFT LCDs. The device also suits cam- 
era phones using a high-brightness camera-flash LED. It can drive three white LEDs 
at 65 -mA maximum current or one high-brightness camera-flash LED at 200 mA. 
Available in a 3x3-mm, lead TDFN-10 package, the CM4072 costs 69 cents 
(1000). 

California Micro Devices, www.calmicro.com 



Multipurpose LED driver 
comes in small package 

Suiting high-brightness LEDs in 
torch- or flash-system applications 
for cameras and portable electronic de- 
vices, the NCP5603 white-LED driver 
uses a charge-pump structure for power 
conversion. The device uses two external 
ceramic capacitors, eliminating the need 
for an inductor for power conversion. Due 
to 1, L5, and 2X automatic operating 



modes, the driver operates at 90% effi- 
ciency, targeting high-current LEDs in 
low-cost, low-power applications de- 
manding extended battery life. The 
device provides a 350-mA output-current 
pulse, allowing it to drive a IW, high- 
brightness power LED. Requiring no 
external inductor for energy storage, the 
driver also functions as a small boost 
dc/dc converter, supplying a constant 
voltage of 4-5 or 5V, aimed at biasing 
audio amplifiers in cell phones, MP3 



players, and digital cameras. Available in 
a lead-free 3x3x9-mm DFN-10, the 
NCP5603 costs 70 cents (1000). 
On Semiconductor, www.onsemi.com 



Cell-phone-camera LED 
driver has low noise and 
high efficiency 

The 850-kHz, lX/1.5x/2X LTC- 
3217 multimode charge pump 
drives multiple high-current LEDs in cel- 
lular-phone-camera applications. Using 
constant-frequency operation for low 
noise, the device can drive four LED cur- 
rent sources at 600-mA total output cur- 
rent. Two logic- input pins select shutdown 
mode and current-output levels. A 2.9 to 
4-5 V voltage range targets single-cell lithi- 
um-ion inputs, providing a 92% efficiency 
for maximized battery runtime. Available 
in a 3x3-mm QFN-16, the charge pump 
requires four small capacitors and two resis- 
tors, creating a 20X 20X0.75-mm footprint. 
Based on input- voltage and LED-forward- 
voltage conditions, the pump automatically 
optimizes efficiencies, powering up in 1 X 
mode and switching to 1.5 X boost mode 
when any enabled LED current source 
approaches dropout; a subsequent dropout 
switches the part into 2 X mode. Additional 
features include brightness control by pulse- 
width modulation of the EN 2 pin, preven- 
tion of inrush current and excessive input 
noise during start-up and mode switching, 
and open/short LED protection. The LTC- 
3217 costs $1.70 (1000). 
Linear Technology Corp, www.linear. 
com 



Phototriac families come in 
a variety of trigger currents 

□ Reducing EMI-noise harmonics 
and featuring low peak-operating 
currents, the V04157 and V04158 series 
of zero-crossing GaAs (gallium-arsenide) 
infrared LEDs are optically coupled to a 
photosensitive zero-crossing triac detec- 
tor chip. Devices in the non-zero-crossing 
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V04257 and V04258 series of 
phototriacs can trigger during 
the ac phase cycle and turn off 
at the next zero crossing. Both 
families have L6-mA trigger 
currents, providing a direct 
interface with microcontrollers 
and digital circuits; devices with 
1- and 3'mA trigger cunents are 
also available. All versions also 
feature 700 and 800V blocking 
voltages and isolation for low- 
voltage logic for 120, 240, and 
380V ac lines to control resis- 
tive, inductive, or capacitive 
loads. Available in DIP'6 pack- 
ages, the devices cost $1.50 
(10,000), depending on block- 
ing voltage and input-trigger- 
current values. 
Vishay Intertechnology, 
www.vishay.com 



Series of LED 
indicators has a 
variety of options 

Available in red, green, 
yellow, blue, and white, 
the Q-Series of LED indicators 
features optional 
bicolor, tricolor, 
and flashing 
LEDs. Addition- 
al features in- 
clude solder- lug/ 
quick-connect 
terminals, wire 
terminations, 
and 200-mm ^ 
elongated wires. Packaged in 
6-, 8-, and H-mm sizes, the 
series also comes in promi- 
nent-, recessed-, and flush- 
bezel styles, with bright- 




ECN Magazine Presents: 

A ROADMAP FOR YOUR PORTABLE 
POWER SYSTEM DESIGN 

Advancements in Rechargeable Battery Technology 



Join ECN% Editor in Chief for a live, educational Webcast featuring 
technology experts sharing their perspectives on emerging innovations 
in the battery and power management industry. Designed for Original 
Equipment Manufacturers (OEMs) of portable equipment, this web- 
based discussion presents the future of portable power 

Webcast Educational Objectives 

• Advancements in Rechargeable Cell Technology 

• Best Practices for Battery Pack Design 

• Advancements in Battery Management 

• Regulatory and Marketing Update 

View the Live Webcast 

Pose your questions and concerns to an expert panel during a live 
Q&A session immediately following the presentations. This is a unique 
opportunity to identify the latest innovations and applications for the 
portable power industry. 

Learn More at ECNnnag.conn/PowerCast 



SIGN UP TODAY 



Presented by: 



Live Webcast: Wednesday, February 8, 2006 
Time: 2:00 p.m. EST; 11:00 a.m. PST 
Duration: 1 Hour 
www.ECNmag.com/PowerCast 



In association with: 

/••MICRO 

f POWER" 



chrome, black-chrome, and 
satin-gray bezel finishes- An 
integral resistor provides 
direct connection to 12V dc, 
12Vac/dc, 24V dc, 24Vac/dc, 
llOV ac, and 220V ac. Tar^ 
geting industrial panels, panel 
indicators, automa- 
tion equipment, 
and industrial- in- 
strumentation ap- 
plications, the in- 
dicators have a 
viewing angle of 70 
to 100°, depending 
on the model; a 
100,000-hour life 
expectancy; and a —40 to 
+ 85°C operating-tempera- 
ture range. 

APEM Components, www. 
apenn.conn 



Surface-mount 
LED has 13-cd 
intensity 

This 3.2XL8XL75- 
mm, high-brightness, 
diffused surface-mount LED 
features a 13-cd intensity, suit- 
ing flash applications. The 
AOT3 218 ( advanced-optoel- 
ectronic-technology) LED's 
small package outline includes 
a 1208 viewing angle with uni- 
form radiation. With a copper- 
lead-frame construction, the de- 
vice complies with JEDEC 
moisture-sensitivity Level 2 
requirements. The devices 
come in blue, red, yellow, green, 
and RGB surface-mount LEDs. 
MRC Components, www. 
mrccomponents.de 



COMPUTERS AND 
PERIPHERALS 



Fast LCD monitors 
have 4-msec 
response time 

The 17 -in. SyncMaster 
740BFandl9-in. Sync- 
Master 940BF LCD monitors 
feature technologies including 
MagicSpeed, MagicTune, Mag- 
icZone, MagicColor, and 
MagicBright II. MagicSpeed 
provides the 4'msec gray-to- 
gray response time; MagicTune 
enables control over display 
features with extensive color- 
adjustment capability; Magic- 
Zone allows the user to select 
any area of the screen and 
change its characteristics; 
MagicColor automatically 
selects areas in need of color 
correction and selectively en- 
hances the area; and Magic- 
Bright II allows manual selec- 
tion for setting brightness, 
contrast, and gamma correc- 



tion for the currently displayed 
media type. Analog and digi- 
tal inputs provide a 700-to-l 
contrast ratio, 300 cd/m^ 
brightness, 1280X1024 reso- 
lution, and 160° viewing angle. 
The SyncMaster 740BF and 
SyncMaster 940BF cost $399 
and $499, respectively. 
Samsung Electronics Co 
Ltd, www.samsung.com 



3-D monitors retain 
full resolution 

□ Using stereoscopic 3-D 
technology, the SDl 7 10 
StereoMirror display features 
two 17-in. active-matrix LCD 
monitors in an up/down con- 
figuration, separated at a 110° 
angle. A semitransparent mir- 
ror at a bisecting angle between 
the two monitors combines 
with polarizing glasses to gen- 
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DESIGN CHALLENGES SLOWING YOU DOWN't 



FIND YOUR SOLUTION AT DESIGNCON 2006 




OEsmCmmn 

ENGINEERS DELIVERING TOMORROW'S DESIGNS 



Conference: February 6-9, 2006 
Exhibition: February 7-8, 2006 

Santa Clara Convention Center 
Santa Clara, California 



Discover tfie latest tools and methods to overcome your design ctiallenges 
and drive tomorrow's innovations at DesignCon 2006. Semiconductor and 
electronic design engineers will find tfie rig fit mix of tecfinical education and 
networking opportunities, with access to cutting-edge design products. 



Arrive at the future of Design, 



I 




International Engineering 

Consortium 

www.iec.org 



OFFICIAL SPONSOR 

Agilent Technologies 



DIAMOND SPONSOR 

Rambus. 



FOR MORE DETAILS, VI, 
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r^NEC TOKIN 

bNERGYDEVICES 

Strategic Energy Solutions 




The one-chip 
revolution. 

NEC Tokin's next-generation decoupling device, 
Proadiizer has low and flat impedance frequency 
characteristics to a wide frequency (1 OOkHz- 
1 GHz). It also has a large electric capacity of 
1 00|iF, ultra-low equivalent series resistance and 
ultra-low equivalent inductance (ESL) of 1 pH*. 
With just one chip, it copes with problems that 
traditionally required several different decoupling 
devices. Contact us now for more information on 
this revolutionary device. 

*lnductance value reduced from the inductance transmitting attenuation 




Proadiizer 

NEC/TOKin 

www.nec-tokin.com 

NEC TOKIN America Inc. 

(Headquarters & Western Area Sales) 

32950 Alvarado-Nlles Road, Suite 500, Union City, California 94587, U.S.A. 
Phone: 1 -51 0-475-671 2 Fax: 1 -51 0-324-1 762 

Chicago Branch (Northeast Sales office) 
Phone: 1-630-613-7225 Fax: 1-630-613-7001 

Austin Branch (Southeast Sales office) 
Phone: 1-512-219-4040 Fax: 1-512-219-4007 

NEC TOKIN Corporation 

Global Marketing & Sales Division: Tol<yo, Japan 
Phone: 81-3-3515-9220 
Offices in Germany, France, UK, Sweden, Hong Kong, Shenzhen, 
Shanghai, Taipei, Singapore, Malaysia, Bangkok, and Seoul 
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COMPUTERS AND PERIPHERALS 



erate the stereo separation. This beam- 
splitter method creates a stereoscopic 3- 
D monitor, retaining full resolution, 
response time, and color saturation from 
each monitor. The SD1710 costs $3995. 
Planar Systems, www.planar.com/ 
stereomirror 



Network hard 
drive has built-in 
network-media server 

□ Operating on a Freescale Power- 
Quicc II MPC8241 processor, the 
StorCenter network hard drive features 
a built-in network-media server and 
Gigabit Ethernet speed. Features include 
160- and 250-Gbyte capacities, lAB 
(Iomega Automatic Backup) Pro soft- 
ware, a 7200-rpm drive, and UPnP com- 
pliance. Two USB 2.0 ports provide 
expansion capabilities as well as support 
for external USB hubs, permitting four 
additional USB 2.0 storage devices and 
two USB 2.0 printers to attach simulta- 
neously to each drive. The 160-Gbyte 



StorCenter costs $199.99, a 250-Gbyte 
version with 8-Mbyte cache costs 
$289.99, and a 1-Tbyte model will be 
available early in 2006. 
Iomega Corp, www.iomega.com 



Hard-drive kit converts 
notebook hard drives 
into external hard drives 

Converting a notebook hard 
drive into an external hard drive, 
the Travelstar upgrade kit comprises a 
2. 5 -in. hard drive in 40-, 60-, 80-, and 
100-Gbyte capacities; installation in- 
structions; the Apricorn EZ Gig II hard- 
drive-cloning and upgrade software; and 
a USB 2.0 hard-drive enclosure. The 
USB 1.1 -compatible kit includes a Im 
USB cable and auxiliary power cables. 
Prices for the stand-alone hard drives 
range from $109 to $189; prices for 
upgrade kits range from $139 to $219. 
Hitachi Global Storage Technologies, 
www.h itach igst.com 
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Tech Recovery 

Test Equipment At Wholesale Prices 



I Fully ' 
^Guaranteed ^ 



[Analogic 2040 SOOMHz Waveform Generator $1,649.00 
1 HPAgilent3478A 5.5 Digit DMMw/Leads $265.00 
HP Agilent 6038A/00160V-10ADC Power Supply $449.00 
HPAgilent6627AQuad Power Supply 20V - 2A $1,195.00 
HP Agilent 8595E 6.5GHz Spec. Analyzer /OlO $9,995.00 
HPAgilent8753D6GHz Network Analyzer* Reduced * Call 
Keitliley 238 Source Measurement Unit $3,495.00 
Stanford Research SR844 200IVIHz RF Amplifier $5,749.00 
TektronixAWG710 Arbitrary Waveform Gen. $34,220.00 
Tektronix TDS544A SOOMHz 4 Ch. IGS/s Scope $5,995.00 
Tektronix TDS754C SOOMHz 4 Ch. 2GS/S Scope $8,795.00 
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Quick Tur 
Calibration Aval 
International Shipping. 




One size does not fit all. 
And one solution don't fit all! 

9 





• Development & Production Applications 

• Surface Mount, Thru-hole, Compression Style 

• BGA, LGA, CSP, QFP, MLF, SSOP, SOT and more! 

• Bandwidth - up to 30 GHz a O A r\ 

• 7 different socketing systems An 

• Ask about our "ASAP Service" SERVICE 

• Adapters and Receptacles too! 



DESIGNING SOLUTIONS. CONNECTING TECHNOLOGY. DELIVERING RESULTS. SINCE 1983 

Learn more, visit us online:www.emulation. com/049 



408-982-0660 • www.emulation.com 



PULSE GENERATORS 
AND ACCESSORIES 





* General purpose pulsers 

* High speed pulsers 

* Pulsed laser diode drivers 

* Constant current pulsers 

* Impulse generators 

* Frequency dividers 

* Delaygenerators 

* High voltage function generators 

* Pulse amplifiers, accessories, and more! 

Many models are available with IEEE-488.2 GPIB 

and RS-232 computer control ports. 

For data sheets, pricing & application notes, visit 

WWW. a vtechpulse.com 



AVTECH 



ELECTROSYSTEMS 



Phone: 800-265-6681 
or 613-226-5772 
Fax:613-226-2802 
info@avtechpulse.com 
www.avtechpulse.com 



Need to build 
a C compiler 
or assembler? 

You can create efficient program- 
ming tools quickly using Archelon's 
User Retargetable Development 
Tools. Or we can help you with the 
work to get the job done faster. 

Want to know more? 

See http://www.archelon.com 
or call us at (800)387-5670 





Connectors 



'^OHtronk manufacturers the widest variety 
of power connectors md accessories 



' Low contact resistance 
' High current density 
' Mixed denisty 
' Hot swap capability 
' CriiTip and PCB mount terminations 
> Blind mating options 



GHz BGA/QFN Sockets 
0.3mm to 1.27mm 




Same Sensor Invented by Polaroid to Focus Cameras! 
Electrostatic Transducer and Drive Module in One 
Complete Package! 

Non-Contact Ranging and Measurement from 6" to over 40'! 
Perfect Sensor for Non-Contact Measurements, Liquid or 
Bulk Level Sensing, Proximity Sensing, Robot Guidance 
We Sell Complete Ranging Kits and Components 

Phone 734-953-4783 

Fax 734-953-4518 
www.senscomp.com 




640x480 Image Sensor, Color/BW, 4x3", C/C++ 
Programmable x86, CompactFlash FAT, Ethernet TCP/IP, 
RS232/485, RTC, TTL 

mmm 

Machine vision; ID mark check; Pattern recognition; 
Industrial process control; Motion position detection; 
Security monitoring; image acquisition and recording. 



50+ Low Cost Controllers with ADC, DAC, solenoid drivers, 
relays, file system with CompactFlash, LCD, DSP motion control, 
18 UARTs, 300 l/Os. Custom board design. Save time and money. 



1724 Picasso Ave., Suite A 
;,CA 95616 USA 



V[ Tel: 530-758-0180 • Fax:530-758-0181 
-*--L-'-tVi.\ www.tern.com ™p ra^^ Hj—aH 
INC. sales@tem.com WSJH 



To advertise in Product Mart, call Judy Keseherg at 800-41 7-5370 
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1 10:00 


Stoff Meeting 




1 12:00 


Lunch with Rndrea 




1 £:00 


Pickup kids 




1 t:oo*Vfiga 




1 □ 1 Birthday card for Chris ! 




1 □ 2 Pick up dry cleaning ! 
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STATS 



1 .97 million units 




PDAs yie d to smart phones and media p ayers 



^ 1 Few products that have enjoyed the volume- market success of the PDA have had such 
a short run when it comes to popularity. Palm Pilots went from being a novelty in 1 997 
to megahit status around the turn of the century But the stand-alone PDA may just disappear 
before its 10th birthday. According to market-research company NPD Group, retail sales 
reached 3.68 million units in 2001 but dropped to fewer than 2 million in 2004. That plummet 
comes at a time when PDAs are more value-packed than ever. In 2000 and 2001 , leading-edge 
units cost more than $500. Today the entry-level $99 Palm Zire packs far more features, and 
even the $350 Tungsten that integrates wireless and multimedia support is a relative bargain. 

Around 2000, it appeared that the PDA would usurp the mobile-phone function. Instead, tiny 
smart phones today include most of the functions that PDAs offer. Only a niche group of busi- 
ness-e-mail users insists on a BlackBerry or a Palm Treo phone in the PDA form factor. Many 
businesspeople and, certainly consumers carry a music player and a phone but no PDA. Indeed, 
consumers increasingly use iPods and other hard-disk-equipped digital-media players to store 
and transport contacts, calendars, and even office data files, along with music, photos, and video. 

—by Maury Wright 
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Scalable, cost-effective 
solution for complex 
PCB designs 

Quickly placing critical components to 
optimize logical connections is just one 
of the many tasks made easy with 
OrCAD® PCB Designer. Here are some 
others: 

• Producing customized reports 

• Adding or customizing drill tolerances, 
symbols, and characters 

• Routing power and ground to split 
power planes 

• Quickly creating the fanout for dense, 
high-pin-count devices 

OrCAD PCB Designer suites offer a 
complete front-to-back PCB design 
solution based on powerful technology: 

• OrCAD Capture® schematic entry 

• OrCAD PCB Editor place-and-route 
(based on Cadence® Allegro® technology) 

• SPECCTRA® for OrCAD autorouter 
(based on Cadence Allegro technology) 

You can further enhance productivity 
by adding optional PSpice® A/D for 
circuit simulation or by adding 
OrCAD Signal Explorer (based on 
Cadence Allegro technology) for signal 
integrity and topology exploration. 

We've assembled some of your most 
common PCB design issues into a 
booklet, the OrCAD PCB Designer 
Solutions Guide - get your FREE 
copy today! 



Visit us at 
www. ema-eda. com/PCBDesignerGuide 
or call us at 800.813.7288 



With OrCAD PC^ Designer 
all of the pieces fall 
Into place 
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OrCAD 



See the 
world through 
our eyes. 




CMOS image sensors for cameras, cell phones, 
cars, industrial and custom applications. 

From the industry leader in performance CMOS technology 
Cypress image sensors target fast-growing, high-volume 
applications and a broad range of high-end consumer, 
medical, industrial and aerospace systems. Our product 
portfolio includes: 

■ Cell phones: Industry-leoding 3 Megapixel resolution 
CMOS sensor with digital still camera-like quality 

■ Digital still cameras: 9 Mp active pixel sensors 
manufactured on Cypress 0.13-micron technology; our 
I, 2 and 3 Mp Ultra-Pocket™ camera kits are used by 
leading consumer electronics manufacturers 

■ Automotive: Camera modules for driver and safety 
applications using our proprietary adaptive wide- 
dynamic-range Autobrite® technology 

■ Industrial: 1.3 Mp sensors for machine vision applications 
with snapshot shutter and extensive windowing capability 

■ Custom: Cypress offers the widest range of custom designs 
with high dynamic range and maximum sensitivity 



TO WIN A FREE KODAK PRO DIGITAL CAMERA 

with a Cypress 13.85 Mp CMOS sensor^ visit 
www.cypress.com/ad/ sensors 



ENHANCED PIXEL FILL FACTOR 



CYPRESS 3T PIXEL 



STANDARD 4T PIXEL 




pixel 
- outline - 



light-sensitive 
area 



non light-sensitive 
area 



Used in Cypress's 
3Mp CMOS Image Sensor 




Used in typical 
2Mp CMOS Image Sensor 



Cypress's smaller, proprietary 3-transistor architecture — combined with Autobrite® 
wide dynamic range technology and enhanced HiSens™ light-sensitivity — maximizes 
a pixel's light-sensitive area, enabling a 3 Mp CMOS image sensor at a 2 Mp form 
factor (Vs optical inch). A 12-bit ADC and advanced noise-reduction circuitry in the 
Cypress device also help to improve performance. 

LINEAR RESPONSE CURVE 



WITHOUT Autobrite® 



DYNAMIC RANGE 
SATURATION 




Light intensity [W/m2] 



Our Autobrite® technology s adaptive wide 
dynamic range allows the sensor to capture 
the detail within a scene across a broader 
range of lighting conditions without saturation. 
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